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CHAPTER 1
THE NEWS STUDY

The severe drought in the North-
eastern United States in the 1960%
caused the Congress to pass Public
Law 89-298 directing the Corps of
Engineers to work with appropriate
Federal, state and local officials to plan
steps to insure against future drought
related water shortages in the North-
east.

Studies of the 200,000-square-mile
region show that B0 million persons
now live in the 13 states and the
District of Columbia. Studies also
show that by the year 2020, popula-
tion will increase to 80 million.

Initial findings clearly show that three
metropolitan areas, New York, Eastern
Massachusetts-Rhode island, and
Washington, D.C., have the most crit-
ical and immediate need to develop
water supply sources to meet growing
water demands.

CHAPTER 2
THE DEMAND FOR WATER

More than 14 million persons living in
the Northeast during the 1960
drought, were forced to restrict their
water use to conserve dwindling sup-
plies. Many areas came close to
running out of water.

Since the drought, no major water
supply projects have been built in the
three most critical areas. Many water
supply systems continue to register
average consumption figures that are
higher than their safe yields. In 1973
the New York City system had an
average consumption that was approx-

SUMMARIZED CHAPTER CONTENTS

imately 170 mgd higher than its safe
yield in 1974, The Newark, New
Jersey, water supply system supplied
24 mgd more than its safe yield and
the system serving Boston delivered 3
mgd above its safe yield in 1973.

The number of people living in an
area, their personal income, and the
area’s industrial growth, all affect total
water demand. Projections of these
parameters show that water use will
continue to grow in these critical
areas,

CHAPTER 3
WATER USE REDUCTION

If water supply cannot be increased to
meet demand, then demand must be
reduced to meet supply. Increasing
price to reduce water used in these
areas will be effective only if prices are
increased by multiples of 100%. The
equity of pricing policies would have
to be carefully considered.

Temporary use control, during emer-
gencies, can and does work for short
periods of time if mandatory water use
restrictions are applied. Some tempo-
rary reduction can also be obtained by
reducing the operation of water using
utilities such as power plants. Most use
reduction methods are within the juris-
diction of state and local government.
Consequently, the ability of these
agencies to implement use reduction
technigues is a major consideration.

CHAPTER 4
SUPPLY INCREASE
Water availability can be increased

through development of a variety of
pragrams. Those available are: system

improvements, surface water, ground
water, wastewater and salt water.

® System Improvements

Connection of systems to provide joint
use of high-flow skimming, ground-
water and reservoir storage systems
grovides many advantages that systems
relying on single sources do not
possess. Supplies can sometimes be
effectively increased through intercon-
nection.

® Surface Water

Surface water is the main source of
supply in the three critical areas. This
can he tapped by the use of on or off
stream reservoirs that can supply water
directly or can be used to augment
stream flows where river intakes are
the source. Occasionally suitable sites
for small reservoirs can still be found
near user areas. large reservoir sites,
however, are generally located away
from populatian centers.

Estuaries could be a source of in-
creased supplies in the New York and
Washington, D.C. metropolitan areas.
When these estuaries are polluted ex-
tensive treatment is required to make
the water safe for long-term use.

® Ground Water

Ground water is another source of
supply. Aquifers can be developed in
stages, thereby offering flexibility in
meeting changing demands. Ground
water recharge areas would have to be
monitored closely to prevent
pollution.

® Wastewater
Wastewater, discharged to streams or

aquifers used as water supply sources,
makes up a large portion of present



water used. This is found to be a
questionable practice. Advanced
wastewater treatment plants or care-
fully controlled land treatment can be
employed to make indirect use of
wastewater for a completely safe sup-
ply. Direct reuse of treated wastewater
is not generally considered acceptahle.

¢ Saltwater

Desalting is technically feasible, how-
ever, environmental and cost problems
limit application of this technology.

CHAPTER b

WATER SUPPLY AND OTHER
PLANNING OBJECTIVES

In the three most critical areas, it was
found that responsible officials and
citizens plan to make their source and
project decisions on the basis of
factors that go beyond simply increas-
ing supplies to meet demands. These
additional considerations range from a
project’s impact on the environment,
its flexibility to meet changing de-
mands and demand patterns, impacts
on poputation growth, cost, and relia-
bility in terms of meeting the demand
for water.

In order to facilitate decision making,
potential projects for the three most
critical areas are arrayed on decision
trees with each branch designed to
accommodate cne or more additional
considerations expressed as planning
ohjectives.

It is noted that each source decision,
and each possible project, will give rise
to questions and criticism from inter-
ested citizens and officials. But de-
cisions must be made now if sources
are to be tapped and projects com-
pleted in time to meet the growing
demand and reduce the risk of
shortage.

CHAPTER 6

THE WASHINGTON
METROPOLITAN ARFA {(WMA)

Background

The Corps of Engineers has already
recommended the construction of two
reservairs and a pilot estuary water
treatment plant to Congress. Addi-
tional work, however, will be neces-
sary to meet water supply demands in
the area,

Area Profile

The WMA deserves special considera-
tion because it is the Nation's Capital,
a regional center, and because of the
magnitude of its water supply prob-
lems. The 1970 population of three
million is a 39% increase aver the 1960
population. Population is expected to
total 6.8 million by 2020.

Water Demands

Water demands are expected to reach
515 mgd by 1980, 720 by the year
2000, and 925 mgd by 2020.

Available Water

The major source of water in the WMA
is the Potomac River, The river flow
fluctuates widely around an average
flow of 5975 mgd, a fact that must be
considered in planning for peak de-
mand periods., Other sources are the
Patuxent River, Occoquan Creek and
ground water.

Water Supply Programs

Water supply programs to meet the
WMA demands have been formulated
to reflect the additional considerations
expressed by citizens and agencies, such
as reliability, environmental quality,
cost, growth control, flexibility and
social and economic equity. Sources
could be tapped by upstream reser-
voirs, an estuary treatment plant, locat
water impoundments, raw water inter-
connections, ground water and treated
wastewater. Demand reduction tech-
niques are also considered. Formulated
alternatives are displayed as decision

tree branches and are designed to
meet both monthly average and seven
{7 through 30} day maximum deficits.
A local water saving policy would
result in an aggregate total of 45 mgd
by 2020 and is included in ali
branches. Bloomington Dam and Lake
will be completed and its 135 mgd
available by 1979. It is included in all
branches.

Decision Tree

Branch 1

Branch 1 contains an array of projects
to meet the water supply needs as well
as the additional objectives of environ-
mental quality, flexibility, and equity.
It includes Bloomington Dam and
Lake, ground water, estuary treatment
plants and interconnections of existing
systems and treated wastewater,

Branch 2

Branch 2 provides the needed water
and includes the additionai ohjectives
of environmental guality and growth
control through use of Bloomington
Dam and Lake and treated wastewater,
For 2020, two alternatives, estuary
treatment and ground water, are
shown.

Branch 3

Branch 3 provides for the additional
objectives of cost, environmental
quality, and growth control. 1t begins
with Bloomington Dam and Lake.
Treated wastewater, a regional estuary
plant, and the imposition of emer-
gency restrictions would meet de-
mands to the year 2010. Ground water
is shown for 2020.

Branch 4

Branch 4 considers reliability, cost and
equity. Bloomington would meet
water demands to 1980. Subsequently,
a local impoundment, and/or inter-
connections of existing systems, wouid
meet the demand to 2000. Sixes
Bridge and Verona Dams are shown
for 2020. Restrictions would be
employed in the early time frame until
additional projects come on line.



Branch §

Branch 5 reflects the additional objec-
tives of reliability and cost. I, too,
begins with Bloo'mington Dam and
Lake. In the vyears to 2020, it lists
Verona and Sixes Bridge Dams and
Lakes and local high flow skimming
impoundments.

Branches 6-8 -

Examination of the first five branches
have resulted in the formation of three
additional branches concentrating on
earty action. These branches are more
fully described in the NEWS — Wash-
ington Metropolitan Area Water
Supply Study being prepared sep-
arately.

CHAPTER 7

THE NEW YORK METROPOLITAN
AREA (NYMA)

Background

The Corps of Engineers has made no
specific recommendations to the
Congress for the NYMA; however, this
report identifies sources of supply and
projects for further analysis and dis-
cussion.

Area Profile

The area covers mote than 9,000

square miles and includes 26 counties
in three states. Water demand ranges

geographically from metropolitan New
York City to rural areas. Population
projections show that the NYMA faces
major population increases by the year
2020. Present developed water re-
sources will be totally inadequate to
serve the needs of growing population,
The population in the area in 1970
was 18.2 million persons. By 2020,
more than 26 million persons will live
in the area.

Water Demands

Non-industrial per capita water use in
1970 ranged from 70 to over 200
gatlons per day and averaged 185 gpd.
Industrial use ranged from almost zero
to 50 gpd. Total estimated demand for

water by 2020 will reach 5.1 billion
gallons per day.

Available Water

More than 100 potential projects were
studied before the list was narrowed
down. Major sources for the area are
the Hudson, Delaware, Housatonic,
Connecticut, Raritan and Passaic
Rivers and ground water in Long
Island and Southern New Jersey,

Water Supply Programs

Programs to meet the growing water

demands in the NYMA have been
formulated to complement the
additional planning objectives that

appear to be significant in the area.
These include growth control, environ-
mental quality, regional focus, cost,
flexibility, and reliability. Although
the planning process for the area con-
tinues, certain critical choices are
emerging and decisions on these must
be made now, These include the de-
cision of whether to develop the
Delaware or the Hudson first.

Decision Tree

Branch 7

Branch 1 provides the needed water at
minimum cost. 1t includes projects
that would tap the Raritan River in
New Jersey, the Hudson in New York,
and the Housatonic in Connecticut,
between the vyears 1980-2000. For
2000 to 2020, the Delaware and
Housatonic would be tapped. In 2020,
water metering in New York City and
further Hudson River development
would meet the demands.

Branch 2

Branch 2 contains projects meeting the
additional objectives to water supply
of regional focus and environmental
quality. It includes development of the
Raritan River, ground water and the
Housatonic for the 1980-2000 time
frame. For 2000-2020, further devel-
opment of the Housatonic and devel-
opment of the Hudson would meet the
demand for water. For the 2020 de-
mand, the Delaware would he tapped.

Branch 3

Branch 3 reflects concern for environ-
mental quaiity and flexibility in addi-
tion to water supply. The Raritan,
Delaware, Hudson, and Connecticut
Rivers would be tapped through diver-
sion or high flow skimming to meet
the 1980-2000 demands. Further
development of these projects plus
water metering in New York City
would meet the New Jersey and New
York needs through 2020. Connecti-
cut, under this branch, would use the
Housatonic.

Branch 4

This branch presents a program that
would meet the water demand while
also considering environmental quality
and regional focus,

Raritan development and Delaware
high flow skimming would meet New
Jersey’s demand for the first decade.
New York would turn to Long Island
ground water. For the vyears
2000-2020, New Jersey would build
Two Bridges Reservoir to supplement
its share of the high flow skimming of
the Hudson, serving both New York
and New Jersey. For 2020, further
expansion of the Hudson project could
supply New York and New Jersey.
Connecticut’s demands would be met
with the Connecticut State Plan. This
program also uses metering and total
resource management on Long Island
to meet 2020 demands.

Branch 5

Branch b contains projects meeting the
additional objectives of regional focus
and reliability. The Raritan, Delaware,
and the Hudson Rivers would be
tapped to meet the 1980-2000 de-
mands. For 2000-2020 demands, the
gravity devefopment would be ex-
panded for New York and New Jersey,
Two Bridges Reservoir would be added
t0o meet additional New Jersey de-
mands, and metering of New York
City would be employed. The Connec-
ticut State Plan would supply Connec-
ticut through 2020.



CHAPTER 8

THE EASTERN MASSACHUSETTS-
RHODE 1SLAND METROPOLITAN
AREA (EMRI)

Background

The most urgent demand for addi-
tional water supply in NMew England is
in the Eastern Massachusetts-Rhode
fsland Metropolitan area. Federal,
state, and area officials agreed in 1970
that the Corps should study two pro-
jects for diversion of less than 200
mad from the Connecticut River
Basin, investigate the use of the Merri-
mack River for water supply, and
determine the environmental impact
of large diversions on the Merrimack
and Connecticut River estuaries. Subse-
quent reports indicate that diversion
of 148 mgd would not produce a
marked negative environmental impact
on the Connecticut River. Project
reports have been completed and the
Northfield Mountain and Millers River
projects recommended as a result for
near term needs.

Area Profile.

The EMRI area consists of Rhode
Island and all of Massachusetts except
Berkshire County. The region contains
357 municipalities and a population in
1965 of 6.0 million. The population in
expected to increase to 9.7 million by
2020, Of the current population,
about 85% is urban.

Water Demands

Ninety-six percent of the area’s popu-
lation is served by public supply sys-
tems. The 1965 area demand was 749
mgd. 1t is expected to rise to 1287
mgd by 1920 and to 1893 mgd by
2020.

Available Water

The major supplier in the area is the
Metropolitan District Commission,
which served 37% of the 1270 popula-
tion in Massachusetts. The major
potential water source areas are the
Connecticut and Merrimack Rivers,

Water Supply Programs

Programs to meet the growing water
demands have been formulated to also
meet the additional objectives that
appear to be significant in the area.
These include reliability, regional
focus, cost, flexibility and environ-
mental quality. Although the planning
process is continuing, certain critical
choices are emerging and decisions an
these must be made now, including the
choice of the Connecticut and/or Mer-
rimack Rivers for water supply.

Decision Tree

Branch 1

Branch 1 provides the needed water
and refiects the additional objective of
reliability. 1t relies on Connecticut

River diversions for water supply
through the 2020 time frame. For
2020, there is a choice of the Connec-
ticut or the Merrimack River or
ground water with either River.

Branch 2

Branch 2 reflects concern for environ-
mental quality and regional focus. For
the 1980 time frame, it considers use
of the Merrimack River with local
ground water, the Big River Dam, and
Taunton River highflow skimming.

For the 2000-2020 time frame, alter-
natives include use of the Merrimack
River, regicnal ground water develop-
ment, diversions from the Connecticut
River, and development of the Nipmuc
River and Tarkiln Brook.

Branch 3

The Branch presents a program which
meets the water demand while also
considering reliability, regional focus,
cost, flexibility and environmental
quality. The 1990 demands are met by
six projects in Massachusetts and one
in Rhode Island, ranging in size from
12-76 mgd. Long term demands would
be met by major diversions from the
Connecticut and the Merrimack, with
the development of smaller reservoirs
and the addition of groundwater.



Northeastern United States Water
Supply — Critical Choices for the
Critical Years Ahead

This is an Interim Report on the
Northeastern United States Water
Supply {NEWS) Study now underway.

The study continues, and a final report
will be issued following a series of
public meetings and receipt of recom-
mendations from all concerned. How-
ever, it is now apparent that problems
exist requiring immediate action in the

Authorizing the construction, repair,
on rivers and harbors for navigatio

three most critical areas in the North-
east, the Washington Metropolitan
area, the New York Metropolitan area,
and the Eastern Massachusetts-Rhode
Istand Metropolitan  area. Critical
water shortages exist now and will
increase, within the next 20 to 25
years, during periods of less than
average rainfall in these areas. Since
public works projects normally take
many years to plan, authorize, design
and build, it is critical that all parties
involved in the decision making proc-
ess be made aware of the choices

Public Law 89-298
89th Congress, S. 2300
October 27, 1965

n Act

INTRODUCTION

available to avert shortages. If a major
drought such as occurred in the 1960°s
reoccurs without further action, there
will be shortages. Decisions can be
made now, leading to action, to reduce
the risk of shortage after 1980.

The purpose of this Interim Report is
to present briefly a wide range of
availabie alternatives based on other
NEWS studies and to obtain open
public discussion and guidance re-
garding future water supply in the
Northeast.

aud preservation of certain public works
n, fleod control, and for other purposes.

Be it enacted by the Senate and House of Rf[:resentatives of the
United States of America in Congress assembled,

TITLE 1-~-NORTHEASTERN UNITED STATES WATER
SUPPLY

See. 101, (a) Congress hereby recognizes that assuring adequate
supplies of water for the grent. metropolitun centers of the United
States has becomne 2 problem of such magnitude that the welfare and
prosperity of this country require the Federal Government to assist
n the solution of water supply problems. Therefore, the Secretary
of the Army, acting througl? the Chief of Engineers, is authorized
to cooperate with Fuderal, State, and local agencies in preparing
plans in accordance with the Water Resources I?l!uming Act (Public
Law 89-80) to meet the long-range water needs of the northeastern
United States. This plan may provide for the construction, opera-
tion, and muinienance by the '&mted States of (1) & system of major
reservoirs to he located within those river basins of the Northeastern
Unired States which drain inte the Chesapeake Bay, those that
deain inte the Atlantic Ocean north of the Chesapeake Bay, those
thut drain into Lake Ontario, and those that drain into the Saint
Lawrence River, {2) major conveyance facilities by which water
may be exchanged between these river busins to the extent found
desirable in the national interest, and {3) major purification facilities,
Such plans shall provide for rppropriate financial participation by
the States, _politiml subdivisions thereof, and other local interests.

(b) The Secretary of the Army, acting through the Chief of Engi-
neers, shall construct, operate, and maintain those reservoirs, con-
vevunce facilities, and purification facilities, which are recommended
it the !»!nn prepared in accordance with subsection (a) of this section,
nnd which nre specifieally authorized by law enacted after the date
of s.unitment of this Act,

{v) Each reservoir included in the plan authorized by this section
shall be considersd ns a component. of 4 comprehensive plan for the
aptimum developmnent of thi river basin in which it is situated, as well
s a vomponent of the plan established in nccordance with this section.
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The United States is blessed with vast
natural resources that have fostered
and supported its growth, high stand-
ard of living, and development into a
major world power. Water is among
the foremost of the resources upon
which our economy and our civiliza-
tion depends.

Throughout the early phases of our
history, there was little competition
for water sources. Choices concerning
projects to develop sources, the quan-
tity to be supplied, alternative uses
and the effects of different uses were
much simpler. However, as population
has grown additional water sources
have heen tapped and competition
between users has greatly increased.
This competition has preciuded de-
cisions to develop sources for water
supply in time to avert shortages in the
event of another major drought. As a
result, water shortages are now emerg-
ing in urban areas, particularly in the
Mortheastern United States where
ahout a quarter of our total popula-
tion is crowded into only about eight
percent of the nation’s land. The
drought of the early 1960's drew
attention to this problem and caused
the Congress to take action.

That action, in 1965, was the enact-
ment of Section 101, of Public Law
89-298 which states that the problem
of assuring adequate supplies of water
in metropolitan areas is one that
affects the welfare and prosperity of
the entire country. The Congress rec-
ognized that the problem is of such

magnitude and importance in the
Northeastern United States that
Federal effort is necessary to help

solve it. The Congress therefore direc-
ted the Corps of Engineers to co-
operate with appropriate Federal,
State and local agencies in preparing

comprehensive plans 10 insure that
adequate water will be available to
meet the fong-range demands of the
people in the Northeast.

Like the problem pointed up by the
1960's drought, the region involved in
the Northeastern United States Water
Supply {(NEWS}) Study is a large one. It
extends about 1,000 miles from
Northern Maine to Southern Virginia,
averaging 200 miles inland from the
Atlantic Coast. It involves nearly
200,000 square miles of land, popu-
lated in 1970 by about 50 million
persons in the states of Maine, New
Hampshire, Vermont, Massachusetts,
Rhode Island, Connecticut, New
Jersey, Delaware, the District of
Columbia and portions of New York,
Pennsylvania, Maryland, West Virginia
and Virginia.

By the year 2020, the population in
this region probably will have grown
to 80 million. Like the present popula-
tion, it will be concentrated in the five
major metropolitan areas of Boston,
New York, Philadelphia, Baltimore
and Washington. About 60% of the
present population already lives in
these areas. Since urbanization is a
continuing process, the portion of the
region’s population living in and
around these urban centers will in all
probability continue to increase.

Purpose

The purpose of this report is to de-
scribe the work done in the NEWS
Study to resolve the water supply
problems in the three most critical
areas. The report displays the major
alternative sources of water supply
available, together with their ad-
vantages and disadvantages, so that the
public and governmental agencies may
hold responsible discussions and make

CHAPTER 1: THE NEWS STUDY

knowledgeable decisions regarding
future water supply for Northeast.
Additionally, the report provides ‘in
the Annotated Bibliography, a sum-
mary of information developed on the
less critical areas.

The Critical Areas

The authorizing legislation for the
NEWS Study directs attention to the
water supply problems of metropoli-
tan areas. The classification of Stand-
ard Metropolitan Statistical Areas
{SMSA) used by the Bureau of the
Census was adopted as the mechanism
for identifying those areas that would
be studied under NEWS. On the basis
of preliminary population projections,
thirty-one urban areas were identified
as containing all current and emerging
SMSA’s in the Northeasit. The water
sources and water supply facilities
sarving these areas were examined to
estimate the amounts of water that
could be delivered to each area’s pop-
ufation and industry during a drought,
Population projections were then
made and translated into future water
suppiy demands for publicly supplied
municipal and industrial water. The
projections extended to the year 2020.

Comparison of each area's water
supply demand with water supply
capability led to an identification of
those areas with an immediate near
term need ({prior to 1990) for in-
creased supply capability, and those
with longer range needs. Immediate
needs were noted initially for the
following five areas:

Eastern Massachusetts-Rhode Island

Northern New Jersey-New York City-
Western Connecticut

South Central Pennsylvania

Baltimore

Washington, D.C.



As studies progressed, it became ap-
parent that the problems in the South
Central Pennsylvania and Baltimore
areas were not as urgent as originally
thought. Therefore, since this report
deals only with the urban areas pres-
ently projected to experience near
term problems, the South Central
Pennsylvania and Baltimore areas have
not been included.

Information on the detailed studies
made of the South Central Pennsyl-
vania Area is contained in separate
reports referenced in the Annotated
Bibliography. Detailed studies were
not made of the Baltimore area
because adequate information had
been developed in local studies,

A number of separate studies and
reports have been completed for each
of the three remaining areas which are
considered most critical since they
have near term problems. These
studies form the basis for this report
and are completely listed in the
Annoctated Bibliography. They range
from examination of social, economic
and environmental costs and benefits
to new technologies, demand reduc-
tion and hydrologic analysis. Objec-
tives which could be attained by dif-
ferent water supply projects were
identified, leading to the presentation
of water supply alternatives by
planning objectives in this report.

The twenty-six other urban areas with
potential long range problems have
been studied to determine demands
and supply capabilities. The informa-
tion is available as a separate report, as
referenced in the Annotated Bibli-
ography.

The Planning Process

Planning for such a large and complex
region requires careful and orderly
analysis. To accomplish this a series of
planning steps has been applied to
each area studied. The Initial two steps
were required for all areas and the
remaining steps for the three most
critical areas. There are a total of six
steps; they are:

Examination of the Problem. The
first step in the planning process
was an examination of the prob-
lem. Projected water demands
were compared with available sup-
plies throughout the region to
determine those areas where
potential shortages exist. Those
areas having a potential for critical
shortages prior to 1990 were
identified.

Development of Solutions. Tech-
nically feasible alternative solu-
tions were developed for all areas
and alternative solutions con-
sistent with the individual areas’
broad planning objectives were
developed for the three most
critical areas and for South
Central Pennsylvania.

Identification of critical Imple-
mentation Factors. An examina-
tion of the key effects due to
implementation of each type of
project was made to select the
projects having the most positive
impacts with respect to achieving
different sets of objectives. Where
the key effects were sensitive to
modification of certain project
features, modifications were made
to obtain the greatest positive
impact, so that projects could be
grouped into regional programs
best satisfying different sets of
objectives.

Display of Cash Flow. A financial
sensitivity analysis was done to
present the flow of money over
time for each water supply pro-
gram. Cash flow over time for
each major water user for the cost
sharing alternatives being con-
sidered in the NEWS Study has
been developed.

Timing of Decisions. The timing
of decisions necessary to insure
implementation of early action
projects in time to prevent antici-

pated water supply shortages was
determined, '

6. Determination of Acceptability.
NEWS studies have been discussed
and reviewed by various groups in
the NEWS area. This process has
helped to determine acceptability
of plans to date. Review of this
report is another significant step
towards determining which, if
any, of the technically feasible
solutions are acceptable and com-
patible with public desires and the
plans of the elected and appointed
officials of each area. The results
of this step will have a major
impact on the recommendations
in the final NEWS report.

Solutions have been subjected to four
key tests during the planning process.
They are:

Reliability: The abhility to assure ade-
quate quantity and quality of water
supplies during conditions of severe
drought.

Flexibility: The capability of being
altered to efficiently accommaodate
future changes in projected water
supply demands, and economic, en-
vironmental, social and technological
considerations.

Timeliness: The capability of being im-
plemented in time to meet water
supply and other needs and to provide
for orderly development of projects to
meet additional water supply demands
in the future.

Eguity: The ability to provide for the
equitable distribution of natural re-
sources and distribute in a reasonable
and logical manner the economic,
social and environmental costs of pro-
viding adequate water supplies, as well
as to compensate equitably those who
relinguish water or land rights to meet
the water demands of others.



Planning Premises

As study and planning for the three
most  critical areas progressed, a
number of basic general premises were
developed based on data and evidence
collected by the Corps of Engineers
and other Federal, state and local
agencies. Those relevant to this report
are:

e  The net effects of continued pop-
ulation and economic growth will be
to create correspondingly greater de-
mands for water supply, only slightly

offset by increased use of water saving
fixtures and appliances.

» Direct reuse of wastewater will
not be generally acceptable during the
time frame of this study, but water
supplies will be significantly increased
by deliberate indirect wasiewater
reuse, for instance, by returning treat-
ed wastewater to surface and ground
water sources of supply.

e There will be no changes in the
ownership of existing water supply
utilities.

¢ Droughts will continue to occur
periodically and public demands for
water will be met.

e Demands cannot be materially re-
duced through legislation or changes in
water use habits prior to the mid-
1990’'s. Prices would have to be in-
creased to several times current levels
to appreciably reduce demand.



Water is such a readily avaslaole re-
sadree that 1 is generally taken for
granted. To the average parson, watar
Is like air — something that is simply
thess to be used routinely for amy
purpzse and inoany quantity neosssary,
Its abundance is so taken for pranted
that it appears in a clicha: Fres spend-
ers are said 10 “spend money ke il's
warer.

Mat umtil water becomes scarce, of
rempararily unavailaole, does the indi-
vidual realize: how dependent be i on
water in his sveryday life.

Health, sanitation, and perional clean-
liness all depend o water. Business
and industries empleying millions of
warkers, and groviding geods and sere-
ices for additonal millians, could ro
function withour plentiful wawer far
manufacturing processss and casding
The urban and suburban enviion ment,
weth its treasured green spaces, parks,
lawinis, and garders, would swffar if man
did nat supplement nature's 1aintall.
Mumicipal health and safety serviess
sugh ac straer eleaning and fire fighting
could not exist without adequate
vaater.

Whaen water becomes scarce during
draughts, almast  sveryone  suffeors
peoromic Insses, as well as reductions
in standards af Living. This is esgecially
trug in lae matrspolitan areas whers
the problem s magnified by large
populations  and comglex  arganiza-

vional authores imvolved in wearer
s pply.
Lnfortunately, droughis, like heat

waves, are natural weather evants that
recaceur 81 randorm intervals through
thee years. A awdy of Mew York
rainfall records shows & history of
droaghils 45 well 33 excasies (see Figurs
F1h, Them ropords are an axsimpds of
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perindic rainfall deficigncies through.
out the Mortheast. &lthough muech of
the Mortheast has enjoyed 2 period of
excess rainfall in recent wears, it s
oartain
OGEUE in Lhe thres fwost critical arsas ot
ingervals in the futwre,

that rainfall deficiencies waill

The dropght in the Mortheast doring
the carly 18980Fs pressnted a clessic
example of the ramilications of
witer shortage, Water swpplies dwin-
dled and drastic BImeTgerly Mmeasures

had to be taken te husband remaining

supglias. More than 14 million of the
a0 millicn persons living in the Morth-
aast were restricied inotheir water vse
and suffered personal discomfort, in
convenience  and economic  dis
turhance. Figure 2-2 shows a reduction
in pEr capita Weater conswmption in
Mew Yark of approximately 19%
during the 1860% drought and similar
reduction during othar droughts. This
pattern of recuction is fairly typice of
the per capita consumption  Curees
desplayed by other areas. [t can alig be
notad that per capita consumplion
guickiy returns to or excesds the lorg

55

JIHEHES]

5

ANMUAL RAINFALL

AVE

315

el

e EX [F38
DEFIGIENGY

i

3 - -
1131 15 137

TE9D

1 T T T
THID 1811 1860 197

YE&R

FIGURE 2-1. AMNUAL AVERAGE RAINFALL [N NEW YORK CITY 1828-1974

5



200

190

100

(KL

100

150

141

GFCOD

130

120

110

1000

1920

190
YEAR

1960 1380

FIGURE 2-2. HISTORIC PER CAPITA WATER COMSUMPTION — MEW YORK CITY

term wrand ling showing a slight rate 1%
gpedSyrl of increase over time. Even
with  rigidly  enforged  restrictions,
rmany urban centers came dangerously
close to running complately out of
water during the 1960% drought.

Zinee the drowght ended in the middls
1980%, o maior Water supply projects
hiawe baen built 1o e the thres mast
critical aress. Many water syctams in
the thrae most oritical areas today find
themselees routinely supplying more
wiater than they zould inoa drought.
For instance, the Blew York City
systurm has 2 safe yield, or drought-
time capacity, ol 1310 mod. et in
1973 the aversge consumption was

L]

1,480 mgd.

In Marthara Mew Jersey, the Hacken.
saok Water Company has a safe vield
af 82 mgd, Its 1273 aeerage consump.
tion was 39 mgd, The Mawark "Water
Supply System in 1974 saw consump:
tion reach 74 mgd, a lull 24 ragd
abweve its sale yield of 6O mgd,

I tkee Washinguon, 002, Metropelitan
Arvea n 1974, nearly A48 mgd. wers
used frorn the Potomac River while
during the summer of TR8E, the Flows
of the River dropped to a rate of 347
myd a5 measured 2t Point of Rocks.

Tha Mletropalitan Distrier Commission
in Bostoen in 1953 deliverad an average

303 myd with & gystem that has a safe
wield of anly 200 mgd.

The numbsr of people living in the
thres mast critical arcas, their persanal
incoma, and the reoion®s  industrial
qrowth hawe & marked effect on the
total water used. The relaticnship e
tween these parpmeters in the thres
st critical areas and the amounts of
water used in thess aress was studied
in mrder o estirnate luture ger capita
water  use. The Oilice of Business
Econgmics of the LS. Departiment of
Commarne  has  projected  growih in
papulation, inconw and eansngg in
manufacturing industries for the entira
Mortheast |see Flgure 2-3F, Meoderate
o oonseivative astimates of popu-



latian growth and per capita wwater
dernand: were selected, The resulis of
this study indicate that water use will
CONCinUe 1o Increase at a rata commens-
sirate with the grawth reflagied in
these projections.

It would seem that if growth could be
abated by not supplying additiona!
water no new  solotions for wanes
supply wiauld be necessary, Unforu-
nataly, growth generally ooours with
litthe attention given 1o watsr awailahls

undar drought conditions. Developors
ard the ganaral public agpear to be
optirnists regarding water  supply and
cartinue growth bassd on normal or
rar-drought vear supplies. Many uuli-
lies, mainiain  sarvice
during normal or weat years that could
natl be sustained under drought condi-
RO,

consequaniiy,

MEWS studies baied an rmnderate
wowth ard e projecticom indicate
that the gap batwesn availahle supply

and  water use even an non-drgugln
¥R i marcowing perceptitly, Thus,
the imgazat of the next drought affect-
ing the three most critical areas will be
falt far mare harshly than the 19605
drought, The cushion betwesn safe
vield and wie weas thin thes; it is gone
regeee. Mot anly s the population grow-
ing, bt itis using aven mars vealer per
capita now than in the 1960's because
ol the growing domestic and induscrial
ineestrrent in water using, work savieg
devices,
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When supply and demand are out of
balance, one or the other or both, can
usually be adjusted to restore the
balance. Such would appear to be the
case with water supply and demand.
When the population demands more
water than is available, then either the
supply must be increased to meet the
demand or water use must be equi-
tably reduced to the fevel of available
supply. Neither step is easy to imple-
ment, but both were investigated.

Permanent Use Control

Restoring the supply-demand balance
by controlling use would appear to be
a satisfactory long term solution to a
water shortage problem. There is, how-
ever, no proven technigue for imple-
menting this step. Long term use
control has never been attempted in
this country. As noted earlier, water is
depended on as an integral part of
everyday life. The economic, social
and political effects of a major long
term use restriction would make it
both wunattractive and unenforceable.
In addition, the equitability of apply-
ing restrictions to one region and not
another would have to be carefully
considered.

Although NEWS projections reflect as
much as a 250 percent increase in
industrial recirculation in critical areas,
some additional savings can be
obtained through state and local auth-
orities requiring improved industrial
recycling or through massive conserva-
tion education programs. These are,
however, sometimes difficult to im-
plement since industries may leave an
area if forced to costlier processes or
madernizations, or the public may not
be willing to change habits in any but
drought vyears. In addition, industrial
demands are not a large part of total

CHAPTER 3: WATER USE REDUCTION

demand in the Washington and Boston
areas.

Small permanent reductions in de-
mand are attainable through improve-
ments in water using equipment and
processes. Such water economies can
be encouraged in new facilities or
incorporated during retuilding or re-
furbishing of existing domestic, com-
mercial and industrial facilities. Since
the cost of installing water saving
fixtures is high in existing structures, it
is likely to occur only in new or
renovated structures, and not in exist-
ing facilities.

Institutions exist on the local level to
carry out permanent demand reduc-
tion through the adoption of new
plumbing codes and changes in water
metering and rate setting. However, no
agencies exist to force the changes in
living styles that would be necessary to
achiave a large and enduring use reduc-
tion.

Institutions also exist at the local level
to control growth through zoning or
taxation. It is unlikely that these
authorities could be applied through-
out any of the three most critical areas
because of overlapping jurisdictions. If
applied in one small locality growth
would be shifted to another nearby
locality resulting in similar overall
demands for the critical area.

Manipulating the price of water could
be effective in reducing overall de-
mand. However, to have a significant
effect the price would have to be
increased not by 100%, but by multi-
ples of 100%. At such price levels, the
guestion of equity would have to he
considered. Why should water use be
manipulated by this technique when
other basic commodities or services for
the most part are not? It has broad

implications concerning windfall
profits, tax structure, the possibility of
discriminating against less affluent seg-
ments of the population, or certain
geographic areas. The ahility to imple-
ment a demand reduction oriented
pricing policy covering both public
and private utilities as well as diverse
political jurisdictions remains a prob-
lem. Whether this technique can be
fairly and justly applied to water
supply is a question that will have to
be answered in investigations beyond
the scope of this study. And until it is,
pricing as a means of reducing or
limiting use on a permanent basis will
remain an unproven and highly ques-
ticnable technigue.

Temporary Use Control

In emergency or crisis situations, a
temporary reduction of 10% to 256% in
peak daily use can be accomplished
through either voluntary or mandatory
restrictions. This technique of reduc-
ing water use can be readily employed,
but only succeeds when a real emer-
gency exists and people are willing to
make sacrifices to meet the emer-
gency.

Voluntary restrictions normally result
in smaller reductions than mandatory
restrictions. However, neither method
is considered likely to produce endur-
ing major reductions in water use.

Time restrictions would include pro-
hibitions on certain water uses during
certain hours, thus reducing peak use
to more manageable levels,

Use related restrictions involve out-
right prohibitions of such water uses as
lawn or garden watering, washing of
cars or streets, operation of ornamen-
tal fountains not fitted with recirculat-
ing devices, filling of swimming pools



and use of air conditioners with once
through water cooling.

Some temporary reduction in water
use might also be obtained by reducing
the operation of water using utilities.
For instance, if restrictions were
placed on the use of electricity, por-
tions of power plants needing large
amounts of cooling water could be
shut down,

Whatever the method or methods

selected, they must be reliable if they
are to successfully reduce water use,
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Water restriction drills during periods
of normal water availability could he
considered a necessity. In addition,
restrictions should affect all consumers
equitably, and institutional arrange-
ments must provide for rapid and
certain enforcement of use restric-
tions.

Summary

If the four key tests mentioned in
Chapter 1 are applied to the concept
of reducing water use, this proposal is
not without problems. Use reduction

is not known to be reliable for long
periods, since it has not been tried.
Neither permanent nor temporary re-
ductions can be instituted in a timely
manner without the full and immedi-
ate public cooperation that comes
from practice. Neither offers flexibil-
ity — the use of water cannot be
turned on and off at will without
creating severe economic, political and
social shock. Moreover, it is difficult
to be completely equitable to all water
users when applying restrictions.



11 the use ol weter cannat be curtailed
sutliciently Lo Dalance ke supoly-
dermand agquatics, then the anly pps-
sible zhamanve 5 0 inarese tha
supphas availskle. The Maortheastern
United Btates is Blessed with sbundant
undeseloped water rescurces capabla
of being developed to provide ade-
quate water oo meet demaond. Howe
puer, the competition beteweeen gsers
has deliyed oritical deseslagsment. Thi
wadi labl e sources ara: Syctern lmprove:
roerds, Sorface Watar, Grourclwster,
UWastewatar and Salt waler,

I camsidaning which scdrees of watar
should  be emploved  and  ahich
matheds  used  to dewelop  those
soprces, it shauld he kept in ming thas
water use 15 syclical. Figure -1 showe
the variasions in owsrter wse For Rews
York City owver the course of o year,
Walar use waries even moe sharply
frarm hiour 26 o, and day 1w day.

Cwchicsl use i an important lerment
when estazlishing the design Dasis for
I'ITI:I:-EG‘H ard pregrams o mest watar
garmands in the future, Reoserecirs, for
ceample, have large storage walumes
and can mest short term peak de-
thewigh  their
primarily e meest awerage demands

mands  pwen design s
meer i lony period of time, Goneersely,
werter systamis that draee directhy from
#oriver must e odesigeed 0 they can
et shiarl term, 22ak demardds, sino
there s e SLOFAQE <0 reserve upon

which Lo draw.

Systemn |mprovements

Ona of the fasisst ways Lo
avilable suppliss, using existing sys
tems 5 by inferconnegting those sys-
terns tin assist in halanging shert term

[ 2

prak demands. Pipelines and pumping
sTEliens aL key poinls oan then shift
wwdber Dsalweern Svilams and thus Boettor
wie in-swstern suorage, Sgnificant in-
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creases in yisld can he rmade websn
irf&@reonnected  systems includes one
with & reservoir and analher wilthh a
lerge str=am available for high flow
skimmmung, When teio ar mace systerns
having thess features are CoONMested,
pacn can dapend substantially on the
high flow skimming eguipment when
river flow is suffigient, then each can
seitch to the raservoir when natural
stream Tlow is Lo,

The purnping stations and pipsling or
twnngl sysems neaded to shitt water
in an intergonnested system are likely
te ke large end aspensive Howaver,
bercause interconnaction can be aconm.
plished  wsing gxisting  systerms and
axisting  institutions,  this
resthicad of increasing supply can be

hrisugh

implernented more quickly than new
souries can b deeelogaesd.

I inrterconmeciion is rot Seasible, npw

sgurces  of  water supply omost be
develuped. The majir e sources of
waker
critical areas are sarface and groamd
vwaler,

WalEr.

fur each o the three  most

Tregled  wasbawater oand  salt

These sgurces can be deweloped by
using mescrucairs, river intakes, wells,
wistewater renneation olints nr desalt-
irg plants.

Surface Water

Surface water can be dewslopes as
neaded with rivar intakes, or 11 gan be
impoundad in resereairs for lates use.
Aeservairs vary widely in size, wse and
lzzation, They can he used he store
warer for direct ase win pigeline or
wnnel ar e gugment strezm 17ows far
inpraased down stream use, High flow
skimming, water from a  stream
puriped into an off strearm reservair, is

dlsi Fregquently emgd oyed,

The locption and size of reservoirs are
generally dictatad by a combination of
topography  and urban devalopment.
Huitable simes for srall ressreirs can
oocasionally sull e found in ar near
the metrogolitan senters they wouald
sarwa. Large raserdoirs, howaresr, must
ke located awsw froam highly gopo-
lated metropofitan areas Deczuse Faws
lightly prpulated end wpographically
suitadle sites remain in thosa aoeas,
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Large reservoirs create complications
that have nothing to do with the
design or vield of a reservoir, but
rather involve controversies between
political jurisdictions and institutions.
Usuatly these jurisdictional gquestions
can be solved only by the intervention
of the state or Federal Government
which must decide whether water
users in one river bhasin can go beyond
their political boundaries and into
another area or watershed to get
water. Settling jurisdictional disputes,
of course, often takes years.

When a large reservoir project involves
the transfer of water from one major
river basin to another, the effects on
both donor and receiver areas must be
carefully evaluated. Obviousty, taking
water from a river basin will have an
effect on the basin. The additional
water in the receiving basin will also
have an effect on that basin’s rivers.
Consideration must be given to both
beneficial and adverse consequences
associated with major alterations to
stream flows in both basins.

In summary then, small reservoirs, if
they can he located close to the users,
can often be built fairly quickly with-
out major jurisdictional complication.
Their individual safe yield, (amount of
withdrawa! that can be sustained
during the design drought) however, is
necessarily small. Large reservoirs, be-
cause of their size and because they
usually must be built away from the
user area, take a correspondingly
longer time to build. They do, how-
ever, provide a supply which will be
adequate for a longer period of time,

One source of controversy regarding
reservoirs is their land requirements.

Generally, several small reservoirs are’
land

not as efficient in terms of
requirements for a given safe yield as
one large one. They usually reguire
more land area to ohtain an equivalent
storage volume. Just as 100 store
owners can band together and build a
shopping center on less land than it
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would take if each of them built on a
separate plot with a separate parking
lot and acces$ road, so can a large
reservoir impound more water using
tess land than many small reservoirs.

The tidal lower reaches of rivers, or
estuaries, are often overlooked as
sources of water supply. The fresh-
water portions of estuaries, (the upper
sections not containing significant
amounts of salt) are potential sources
of water for coastal metropolitan areas
such as Washington and New York.
These are, unfortunately, often grossly
polluted by untreated or poorly
treated wastewater discharges and
storm water runoff.

With the accelerated abaternent of
water pollution mandated by the Fed-
eral Water Pollution Control Act
Amendments of 1972 (Public Law
92-500), estuaries may become useful
sources of additional supply in the
future.

Estuaries can be used before the zero
pollution mandate by Congress be-
comes effective, by withdrawing the
water and treating it in conventional
water treatment plants before putting
it into a distribution system. Because
conventional treatment plants are not
designed to treat water that is ashighly
paolluted as may be found in many
estuaries, this method involves certain
public health risks. 1t may be accept-
able to live with those risks for limited
periods of time in an emergency, but
not for longer periods. This method,
however, may be implemented in a
fairly short period of time by existing
institutions.

The Congress has authorized a large
pilot or prototype treatment plant on
the Potomac estuary to determine the
safety and feasibility of a variety of
techniques to use estuary water as a
potable water supply source.

Ground Water

The second major source of additional
water supply is ground water. Large

ground water sources exist near scme
metropolitan areas lying in the coastal
plains of the Northeast. Well fields to
tap such aquifers are technically feasi-
ble and can be built as needed. A
typical system will normally include
pumps at the well heads, chlorination
equipment, pipelines to distribute the
water and perhaps small reservoirs and
pumping stations along the distribu-
tion line.

Large amounts of energy must be
provided to run the pumps, and back-
up power systems, such as diesel-fuel
generators, must be built to provide
power for the pumps in case of electri-
cal failure.

Although ground water development
offers speed and efficiency of con-
struction, it also has drawbacks.
Ground water may be the property of
the owner of the land over it. Before
ground water can be withdrawn,
individual property rights must he
considered, since withdrawal of large
quantities of water from an aquifier
may cause other wells in the aquifier
to go dry. Major legal complications
can arise in such cases.

Ground water development also re-
quires the protection of the aquifer
recharge areas. Since aquifers often
flow under the surface for many miles,
it is possible that contaminants enter-
ing the ground water miles away could
flow through the aquifer to the well
field, thus contaminating the well
water,

Waste Water

Another source of additional water
that can be used to meet increasing
demands in the three most critical
areas is treated wastewater.

Indirect wastewater reuse is neither
new or unusual. It is not unusual for
one community to dump partially
treated or even untreated wastewater
into a river that is used as a source of
water supply by downstream com-



munities. Neither is it unusual for
communities to rely heavily on ground
water as a source of supply while at
the same time relying on septic tanks
or cesspools for wastewater disposal.
The effluent from such disposal sys-
tems is only partially purified before
entering the aquifers that provide
water supply.

The dilution of wastewater dumped
into a river, the chemical and biologi-
cal reactions that take place as the
water travels downstream, and the
filtering of septic tank effluent
through layers of soil, provide some
natural purification, This treatment s,
however, haphazard and does not guar-
antee that the water is entirely safe to
use, The fact that more public health
problems have not resulted from this
practice is due more to good luck than
to good planning.

Indirect use of wastewater can he
mada safe by employing carefully con-
trolled and planned methods such as
advanced wastewater treatment {AWT)
ptants or land treatment of waste-
water.

AWT plants whether using biological
or chemical-physical processes, can
produce effluent that is eminently
suitable for indirect water supply use.
The effluent from an AWT plant can
be safely discharged into a stream or
surface water body that is used as a
water supply source. While the
emphasis and interest in AWT plants
has in the past centered on their role
as a pollution control tool, their use-
fulness as a viable source of water
supply cannot be overlooked.

Land treatment is another method of
indirectly using wastewater for water
supply. In this method, treated waste-
water is applied on the land in an even
and controlled manner, and the land
itself becomes a treatment and filter-
ing medium. Thus the groundwater is
recharged with clean water. This
method requires substantial tracts of
suitable land that may be very costly

TREATED WASTEWATER USED
FOR SPRAY IRRIGATION

and require extensive periods of time
to acquire. Land treatment can also
be a means to complement land use
planning objectives by providing open
green space and improving agricultural
yields through its irrigation and fertili-
zation benefits.

While deliberate indirect reuse of
wastewater may be possible in a short
time, direct reuse is another matter.
Direct reuse, that is, putting treated
wastewater directly into a water
supply system, involves the construc-
tion of AWT plants to treat waste-
water to such a high degree of purity
that it would be potable.

Direct use of AWT effluent has not
been practiced in this country and is
barely advanced beyond the experi-
mental pilot plant stage here. One city
in South Africa, however, has used
AWT effluent as a direct source of
water supply, but the method cannot
yet be accepted as fully proven for
general application.

Virus contamination and build up of
dissolved solids present problems in
dealing with direct reuse. Also, since
the AWT plant would be connected
directly with the water supply system,
there would be no time lag in which to

detect and correct any malfunction in
the treatment process. Therefore, the
highest degree of reliability is required.
Until these problems, as well as
opposition because of the general
attitude toward direct reuse are over-
come, this method of water supply
must be deferred to the somewhat
distant future,

Salt Water

The final potential source of addi-
tional water to meet growing needs is
salt water. Desalting is a technically
feasible option, but its application is
limited by both energy demands and
the high costs of building and running
such a plant. Desalting plants are large
industrial complexes that can be ex-
pected to run the gauntlet of social
and aesthetic problems usually associ-
ated with large industrial installations.
Desalting also produces large quanti-
ties of a waste product, hot brine, that
must be disposed of in an acceptable
manner,

Existing institutional and legal frame-
works can generally implement this
method to increase supplies, especially
in areas where coastal industrial com-
plexes already exist. However, the high
cost and relatively exotic nature of
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DESALTING PLANT

this technology probably preclude its
quick implementation. Desalting is ex-
pensive in comparison with other
sources of potable water.

Safe Yield

The safe yield of a water supply
systemn is that amount of fresh water,
expressed as a rate of flow, that can be
continuously supplied during a speci-
fied drought. The worst drought of
record is being used as the basis for
planning in the NEWS Study, and in
most sections of the northeast this is
the drought of the early 1960's. Safe
yield can be increased by providing
storage in manmade reservoirs or
developed from the natural storage
areas of lakes, aquifers and estuaries.
Yield can also be developed from
water which is immediately at hand
flowing by in a river or from converted
wastewater and saltwater.

Safe vield for each new supply source
is briefly defined as follows:

Systems Improvements — Safe yield is
the expected incremental amount of
supply improvement under drought
conditions expressed as a rate of flow,

Surface Water — Safe yield is the
lowest natural streamflow supple-
mented by storage releases that can he
maintained continuously for the dura-
tion of the design drought. Safe yield
may be limited by the size of intakes
or treatment facilities.
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Groundwater — Safe yield is the maxi-
mum draft that could be continuously
supplied by pumping on a long term
basis during a drought. !t is theoret-
ically the natural recharge less losses
and outflows from the aquifer.

Wastewater — Safe vield is the amount
of the source available, less losses in
the treatment and recovery process.

Saltwater — Safe yield is limited onily
by intake and treatment facilities.

As the demand for water approaches
the safe vyield of a water supply sys
tem, greater efficiency must be used in
the day to day operation of an "“imme-
diately at hand” system as opposed to
operation of a “storage” system. Until
a storage system fis either empty or
almost empty, it can temporarily meet
cyclical demands higher than designed
for by drawing on stored reserves,
since demands will have the tendency
to average out during cyclical periods,
of lower than average use. This flexi-
bility is not inherent in a system that
relies on water immediately at hand. If
a river intake, flow or water treatment
plant are not large enough, demand
simply cannot be met. If this happens,
resultant pressure drops can suck con-
taminants back into the water lines
causing public health problems, and
random parts of the water system will
lose fire fighting capability.

The New York and Eastern Massachu-
setts-Rhode lsland Metropolitan areas
rely heavily on providing safe yield
through storage, while the Washington
Metropolitan Area relies primarily on
water immediately at hand in the
Potomac River. Water supply programs
for the Washington Metropolitan Area,
therefore, must be able to deal with
short duration peak deficits during a
drought as well as with the longer term
overall deficit that develops for an
entire drought period. The water
supply programs for the Washington
Area shown in chapter 6 are therefare

based on deficits both for a long term
drought period over 30 days, and short
term peak deficits for various time
periods less than 30 days. On the other
hand, programs for the New York and
Eastern Massachusetts-Rhode lsland
areas shown in chapters 7 and 8 are
based only on deficits for a long term
drought period.

Summary

System improvements, surface,
ground, waste and salt water, then, are
the sources that can be tapped to
incréase water supplies to meet de-
mand in the three most critical areas.
Each has its drawbacks and its advan-
tages. Some sources are readily access-
ible, some are distant; some may be
developed quickly, others will require
long lead times. Some methods are
costly, others less expensive. Some
methods are proven, others need more
work to resolve their technological
problems,

Each source, each method, will have
its opponents and supporters, but if
the demand for water is to be met in
the three most critical areas of the
Northeast, each and every source and
method must be weighed against the
gonsequences of not meeting that de-
mand.



CHAPTER 5: WATER SUPPLY AND OTHER PLANNING OBJECTIVES

Water is s0 important to our standard
of living, the population is so depend-
ent on it, that any decision involving
water attracts attention from consider-
able numbers of people. Each person
who becomes involved in the decision
making process, no matter how in-
formalty, brings with him a slightly
different viewpoint on which im-
portant considerations must be taken
into account in that decision making
process. These apparently conflicting
viewpoints are often differences in
emphasis only. For instance, one
person may feel that the cost of a
water supply project should he the
determining factor in decision making.
Ancther may agree that cost is impor-
tant, but that the most vital considera-
tion should be the reliability of the
project to meet demands, and so forth.

In other cases, the difference of
opinion over what should be the deter-
mining factor in selecting a source of
additional supply, or a method for
tapping that source, is sharp and ap-
parently not reconcilable, A person
who thinks cost should be the deter-
mining factor may face a head-on
collision with another who feels that
enwironmental guality should be the
determining factor, regardless of the
cost.

Such differences of opinion over what
should be key factors in decision
making must be considered in drawing
up alternative solutions to water
supply problems. 1t is presumed, as
stated earlier, that the water supply
demands of the three most critical
areas will be met, but to present
solutions that simply meet that goal
conveniently or expeditiously, or in
the most technologically feasible
manner, would be to ignore the addi-
tional considerations that figure prom-

inently in local decision makers’ think-
ing.

In discussing the NEWS Study work
with individuals in the three most
critical areas, some uniformity of addi-
tional considerations was found. Most
local officials mentioned low risk,
limited cost, environmental impact,
control of growth, self sufficiency and
a regional focus as being vital consider-
ations that officials and interested
citizens would like to consider while
meeting water supply demands. These
additional considerations have been
adopted as planning objectives for
designing the water supply programs
presented in  subsequent chapiers.
They are defined as follows:

1. Reliability: the ability to assure
adequate quantity and quality of
water supplies during conditions
of severe drought.

2. Flexibility: the capability of
being altered to efficiently accom-
modate future changes in projec-
ted water supply demands, and
economic, environmental, social
and technotogical considerations.

3. Timeliness: the capability of
being implemented in time to
meet water supply and other
needs and to provide for orderly
development of projects to meet
additional water supply demands
in the future.

4. Eguity: the ability to provide for
the equitable distribution of
natural resources and distributte in
a reasonable and logical manner
the economic, social and environ-
mental costs of providing ad-
equate water supplies, as well as
to compensate equitably those
who relinquish water or land

rights to meet the water demands
of others.

5. Cost: meeting of water demands
at the least monetary costs, con-
sidering both capital investments
and operation and maintenance
expenditures.

6. Environmental Quality: mainten-
ance or enhancement of existing
conditions as a result of the im-
pact of a project.

7. Regional Focus: use of water
from a single source over as wide
an area of need as is efficient.

8. Growth Controf: tendency of
water supply programs or projects
to complement local plans 1o in-
fluence the rate and/or distribu-
tion of population growth in an
area.

Regional programs to meet the water
supply demands over time for each of
the three most critical areas are pre-
sented in this report as different com-
binations of time phased projects.
Each combination of projects will
meet the demand for water and is also
designed to stress particular local plan-
ning objectives. Groups of different
local planning obijectives are conse-
quently used to typify differences
among the alternative regional water
supply programs,

Decision Making

In order to simplify the comparison of
different projects and combinations of
projects, they are presented in the
form of decision trees for each of the
three most critical areas. Each branch
of each decision tree illustrates one of
the possible means to meet the uiti-
mate goal of supplying sufficient water
to meet demand, and at the same time
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complement or partially satisfy one or
more other objectives mentioned by
the interested officials and citizens in
the area.

It should be noted that, in comparing
the programs on decision tree
branches, one objective can generally be
fully satisfied only at the expense of
the others. Projects designed for least
cost, for instance, were selected with
littie regard for their impacts on other
objectives such as environmental im-
pact or flexibility. A program to com-
plement those objectives would almost
certainly be more costly.

Despite the large numbers of techni-
cally feasible projects available in each
of the three most critical areas, it is
virtually impossible to satisfy all ob-

jectives in each area with one water

supply program,

Despite this problem, if projects are to
be on line in time to avert shortages,
choices will have to be made soon.

The next three chapters on this report
will present sources, projects and illus-
trative combinations of projects. No
attempt is intended to advocate any
particular project or combination of
projects, or any seguence in which
they should be huilt. The purpose
here is to lay out the various alierna-
tives so that the people of the three
most critical areas might more easily
see the choice of actions available to
them.

As noted earlier, Congress mandated
the Corps of Engineers ‘‘to cooperate
with Federal, state and local agencies
in preparing plans .. . to meet the ...
water needs of the Northeastern
United States.’” if these Federal, state
and local agencies assist in making
choices now it is possible that selected
projects or other actions can be con-
summated in time to avert shortages.

Cost Sharing

An important consideration for any
regional program for water supply
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must be the financial and cost sharing
arrangements that might be used to
bring it into being.

Detailed analyses of the financial and
cost sharing arrangements for the vari-
ous projects and programs developed
in the NEWS Study have been per-
formed. When decisions are made they
will require information on cash flow
over time associated with each plan.
The concept of equitable distribution
of costs and benefits requires an assess-
ment of value received and portion of
costs borne at the local, state and
Federal levels. Therefore, an analysis
has been completed describing local
cash flow for local funding as well as
for extra local (state and Federal)
funding. The analysis included expen-
ditures for planning, technical re-
search, land acquisition, construction,
operation and maintenance, and in-
direct expenses as well as the flows of
revenues required by the various levels
of government and private companies,
to repay debts or bonds, or 1o
establish funds for future expansions.

Federal participation in water supply,
presently limited to reimbursable con-
struction, is under study and re-evalua-
tion, and the precise form of cost
sharing that would be most effective
and equitable would depend on the
particular program considered. Almost
any role assumed by the Federal
Government could increase  the
assuitance of future water supply in the
Northeast. This role could vary in
form from technical assistance to con-
siderable financial assistance.

For purposes of this report two fund-
ing assumptions have been developed,
local and extra local. Local funding
assumed debt service beginning the
year construciion started with a 3b
year pay back period with equal
annual amortization. A 6.14% average
1974 municipal bond rate was used.
The extra local funding assumed Fed-
eral capitalization with debt service
beginning when a project is first used

and interest payments beginaing 10
years after a project is completed.
Equal annual amortization over 50
years at the 4.371% rate set in July
1974 under the 1958 Water Supply
Act, was assumed.

Energy

In view of the recent energy crisis and
the ctitically low generating capacity
reserve in much of the Northeast,
energy requirements for the operation
of projects have been explicitly ad-
dressed in this report.

The required connected load and the
amount of energy consumed per mil-
lion gallons of water supplied are
presented for each project in a regional
program. As a rule, systems which
deliver raw water by gravity require
less energy than systems which deliver
water by extensive water treatment
and pumping.

The range of energy requirements for
the operation of projects described in
this report is shown in Table 5-1.



TABLE 5-1. ENERGY REQUIREMENTS FOR PROJECT OPERATION

Energy to Supply One Million

Type of Project Connected Load {Kw)? Gallons of Water {Kwh/mg)
Upstream Reservoir 0 0
Highflow Skimming 4200 - 200,600 10 - 6400
Wells 3300 - 32,080 1600 - 5100
AWT 30000 - 44,000 117,200 - 177,700
Estuarine Plant 9700 - 37,400 2400 - 5,500
Gravity Transmission 0 0

Transmission by Pumping’

24 ft. Tunnel 160 per MGD 3600

8 in. Pipeline 1500 per MGD 36,000

1 connected load is the maximum momentary demand for power.

2Both the tunnel and pipeline are based on same change in elevation (300 feet} and length of transmission {50 miles).
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BACKGROUND

Recommendations to mseet the
immediate water supply needs of the
Washington Metropolitan Area (WMA)
have already been made to the Con-
gress as part of the NEWS Study. The
recommendations are contained in a
report, Potomac River Basin Water
Supply — An Interim Report, of April,
1973.

These recommendations are:

®  Construction of the Verona Dam
and Lake in Virginia and Sixes Bridge
Dam and Lake in Maryland to meet the
near-term water demands with the
proven technique of reservoirs.

e The construction of a pilot
estuarine water treatment plant to de-
termine the technical feasibility of full
scale use of the estuary for water
supply, and to answer the guestion of
public health risk related to use of the
estuary,

As a result of these recommendations
Public Law 93-251 authorized the
construction of the pilot estuarine
treatment plant and advanced engin-
eering and design of Verona Dam and
Lake and Sixes Bridge Dam and Lake.
No further authorization may be made
regarding the Sixes Bridge Dam Project
prior to completion of the Washington
Metropolitan Area Future Water Needs
Study also authorized in Public Law
93-251.

These steps and construction of
Bloomington Dam and Lake, sched-
uled for completion in 1979, consti-
tute the first actions to solve the more
immediate water supply problems of
the WMA. Therefore, this chapter will
concentrate on the alternatives avail-
able to complete a long-range water
supply program.

CHAPTER 6: THE WASHINGTON METROPOLITAN AREA

The alternatives presented in this chap-
ter have been based on a number of
other NEWS studies done for the
WMA and referenced in the Annotated
Bibliography. Much of this work has
also been summarized in a previous
staff report issued in April, 1974 and
circulated in the Washington Area.
Recent public feedback and technical
studies have provided the basis upon
which a further consolidation of these
alternatives has been made. This work
will provide the basis upon which to
initiata the Washington Metropolitan
Area Future Water Needs Study.

AREA PROFILE

The Washington Metropolitan Area lies
primarily within the Potomac River
Basin with its eastern section in the
much smaller Patuxent River Basin.
The WMA encompasses fand and water
in the states of Maryiand and Virginia
and the District of Columbia. It covers
2800 square miles and consists of
Montgomery, Prince George's and
Charles Counties in Maryland; the
District of Columbia; the Cities of Falis
Church, Fairfax, and Alexandria, and

the Counties of Louden, Fairfax,
Prince William and Arlington in
Virginia {see Figure 6-1).

The WMA deserves special considera-
tion because it is the Nation’s Capital,
a regional center, and because of the
magnitued of its water supply prob-
lems. This area is designated as a
Standard Metropolitan Statistical Area
(SMSA) for the purposes of census
data collection. The 1970 population
work of about three million represents a
39 percent increase over the 1960 level
and makes Metropolitan Washington
the seventh most populous SMSA in
the Country. Population proiections
for the area show 3.7 million persons
by 1980, and 6.8 million persons by
2020 {see Table 6-1).

WATER DEMANDS

Demands for water in the WMA are
based on projections, through 1992,
by the Metropolitan Washington Coun-
cil of Governments {(COG). They were
maodified by adding Charles County,
extension to 2020 and downward ad-
justment of 1 mgd a year for water

TABLE 6-1. POPULATION, PER CAPITA CONSUMPTION AND AVERAGE ANNUAL
WATER DEMAND PROJECTIONS — 1970 - 2020. (WMA)

Per Capita Consumption

Populgtion
Projections Without Water
{millions} Saving Devices
1970" 29 134
1980 3.7 141
2000 5.2 142
2020 6.8 143

1. Actual

(gallons/day)

Average Annual
Water Demand
Projections {mgd}

With Water
Saving Devices

134 390
139 5152
138 720°
137 ao5?

2. 350 mad is Potomac demand and 165 mgd is non-Potomac demand.
3. 545 mgd is Potomac demand and 175 mgd is non-Potomac demand.
4. 740 mgd is Patomac demand and 185 mgd is non-Potomac demand.

SOURCE:

Metropolitan Washington Council of Governments, Alternative 6.2, modified, July 16, 1973,
{COG forecasts are not official projections and do not represent official policy of COG or its
member governments. This information is for study purposes only); linear interpolation and
extrapolation for 1980 through 2020, includes Charles County.
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saving devices required by local build-
ing codes. Resulting regional demands
are shown in Table 8-1.

A fairly stable per capita demand for
water i3 expected for the WMA be-
twesn 1980 and 2020, This is due to
two factors: first, little increase Is
projected for water using industries;
second, it is a high income area with a
resulting saturation of domestic
water-using appliances. Conseguantly,
* the increass in per capita use expectad
in many areas of the country due to
increased use of such appliances Is not
expected In the WMA,

AVAILABLE WATER

A number of raw drinking water
sources ware considered for the WMA,
However, the costs and legal complica-
tlons Involved with major inter basin
transfer projects, such as from the
Susquehanna or Rappahanock, indi-
cated that the relatively undeveloped
nearby sources should be considered
first.

Potomac River

The largest single water resource with-
in the Washington Mstropolitan Area,
the Potornac River, has an average
discharge at Point of Rocks of 5,876
mgd. Beginning in the mountains of
Wast Virginia, it flows north in Mary-
land, and then generally southeasterly
toward Washington, D.C., for 248
miles, to Little Falls, Virginia, be-
coming tidal for 114 miles to its
maouth in the Chesapeaks Bay.

Due to the natural physical cendition
of the Basin and reiative lack of
natural and man-made regulation,
flows in the River fluctuata widely
around an average of 5,97b mgd as
measurad at Point of Rocks. The
lowest dally flow of record was 342
mgd at Point of Rocks and 388 mgd
further downstream at Little Falls,
The major share of WMA demands will
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be met by water from the Potomac
River, although flows from the Patux
ant River and Charles County ground-
water will also be used. Non-Potomac
sources of water for the WMA pres
ently supply approximately 150 mgd
and are assumed to Increase to 188
mgd by 2020,

The lack of storage In the basin means
that the portion of WMA demands
being met by river withdrawals is very
sensitive to the wide fluctuation of
Potomae River flows. This sensitivity
s compounded by seasonal variation
in demand, 1f highest demands oceur
at times of lowest flow, deficits will be
large. The alternatives for the WMA
have been formulated in such a way
that some risk exists If highest demand
ocours during times of lowest flow.
Historically this has not occurred and
public feedback indicates that many
individuals in the area ars willing to
accept this risk,

Demands were projected to vary by
month In a fixed way assuming that
July would always be the month of
highest use. Supply was projected in
the same way assuming that lowest
flows would always oceur in Octobar.
On this basis the critical monthly
deflcit always occurs in August since
the clifference between supply and
dernand is the greatest. Monthly maxi-
mum 7 day (seven thtough 30 days)
and monthly maximum 1 day periods
(one through six days) have been
examined to determine critical peak
deficits of shorter duration than a
month. Since non-Potomac demands
can be met from other sources they
were removed from the regional
demands.

Supply figures were developed from
77 vyears of Potomac flow records at
Point of Rocks, Maryland. The base
year used for supply was 1830, since it
had the smallest recorded volume of
water for the critical five month sum-
mar period {July through November).

Other supply assumptions include the
availabifity of water from Blooming-
ton Dam and Lake by 1979 and
maintenance of a minimum flow in the
River at Little Fatls, MD, of 100 mgd
at all times.

To explain Table 6-2, if the monthly
average demands shown are met,
deficits lasting longer than ohe month
will not occur. If the seven day peak
demands are supplied, deficits of 7
through 30 days will not occur. |t was
assumed that peak one day (1 through
B) deficits will ba the rasponsibliity of
local utilities since the incrament over
the seven day supply Is small, is easily
subject to restrictions, and is more
readily provided by lacal systems than
rggional systems. |f needed, pari of the
100 mgd of water reserved for flow
into the estuary could be used for the
one day daficits.

In Figures 6-2 and 8-3, the monthly
and seven-day deficits information is
shown in graph form for the vyears
noted. The yellow shaded areas repre-
sent the additional water needed to
meet average monthly demands. The
brown shaded area represents the addi-
tional water needed to meet the maxi-
mum seven day demand occurring in
August.

Since NEWS studies show there will be
an adequate amount of water in the
Potomac in all but the five months of
July through November, the programs
for the WMA are designed to meet the
monthly and seven day water supply
deficits for each of these months for
any year from 1980 to 2020.

Patuxent River

The Patuxent drains 930 sguare miles
in Maryland. Though highly regulated,
it has an average flow of 85 mgd at
Laurel, Md., which is in the vicinity of
the WMA. It begins in the rolling
uplands of the Piedmont Plateau and
flows southerly for 110 miles through



low-lying swampy flood plains empty-
ing into its estuary, then to its mouth
in the Chesapeake Bay.

Occoquan Creek

Occoquan Creek is a tributary to the
upper Potomac Estuary with a drain-
age area of B70 square miles. The
Creek begins in lower slopes of the
Blue Ridge mountains, and flows
southeasterly to its mouth. The Occo-
quan Dam located near the mouth of
the Occoquan Creek regulates the
stream, assuring a safe yield of 656
mgd.

Ground Water

There are two regions within the study
area from which ground water supplies
are available, the Hagerstown Valley
and the Coastal Plains. The range of
yields from individual welis varies, but
the safe vyield of each well field is
unknown,

Other Factors

Water treatment capability and the
capacity of the existing water supply
distribution system are two factors
that, in addition to safe vield, limit

Washington's water supplies. Existing
system capacities will not be adequate
for future demands. Expansions, how-
ever, have been planned by the major
utilities. ‘

WATER SUPPLY PROGRAMS

Preliminary alternative water supply
programs to meet the WMA demands
have been formulated to meet a mix of
program objectives chosen to reflect
the diversity of values held by indi-
viduals and groups in the area. All

TABLE 6-2. POTOMAC RIVER FLOWS, DEMANDS AND DEFICIT?

1980 2000 2020
Demand’ Flow” Deficit Demand’ Flow? Deficit | Demand’ Flow? Deficit
MONTH | PERIOD
IMGD) (MGD) (MGD) (MGD) (MGD) (MGD) (MGD) (MGD) (MGD)
Month 420 670 — 650 670 — 880 670 210
July 7-day 450 470 — 695 470 225 940 470 470
1-day 500 445 55 770 445 326 1040 445 595
Month 415 - 635 - 635 h3b 100 865 b3b 320
Aug, 7-day 475 485 — 730 485 245 2856 485 500
1-day 530 450 80 8156 450 365 1095 450 645
Month 390 5756 — 605 575 30 8156 575 240
Sept. 7-day 425 530 — 6656 B30 1256 890 530 360
1-day 450 495 - 700 495 205 945 495 450
Month 380 490 - hah 490 b5 735 490 245
Qct. 7-day 360 460 — 560 480 100 760 460 300
1-day 380 435 - 20 435 155 795 4356 360
Month 336 520 - 156 520 — 700 520 180
Nov, 7-day 345 435 — 40 435 1056 730 435 205
1-day 3bb 415 — bbb 415 140 750 4156 335

'DEMAND — Month figures are monthly averages. A seven day figure is the maximum average demand of any seven (7} consecutive days in the
month. A one-day figure is the highest one-day demand that month. Does not include Non-Potomac River demands; includes a one {1) MGD
incremental reduction per year due to water saving devices.

2ELOW — Month figures are monthly averages. A seven-day figure is the minimum average flow of any seven {7) consecutive days in the month.

A one-day figure is the lowest one day flow of that month. Includes Potomac River flows at Point of Rocks, Bloomington Dam and Lake

coming on line in 1979, and 100 mgd allocated for flow into the estuary.

3 Includes that portion of the WMA withdrawing from the Potomac River, presently and in the future.
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programs  satisfy  the fundamental
water supgdy  objective, as well as
camplenent the wvarious other Lol
plamning chjsctives.

Recagmizing the cenflicting wses for
water racoirees, a detailed analysis of
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supply and demand was conducted to
establish  minimum  preject  requirs-
rments  fo satisty  the water supply
rnepd. Thiz  analysis  consisks [
rrarily nf  oomparing supply and
demand on 2 month by manch basis to
derermine deficits while acoepting the

risk that deficits weould be larger if tha
highest demand should opcur when
fiows are lowest. During most of the
wear ng additioral water is necded
meen by 20020, but, during the fiee
mewith  period hetwesn July  and
Mawarnber, deficits could oecur régu-
larly by 20200 The month of Augest
was  detarmmed [0 have 102 |arﬁ"it
e thly deficits. As much as possible,
the programs were desigred to elim:.
nate ronthly deficits with monthly or
hase load projects and saven day
geficis with sewan day or peaking
projects. In somes cases projects can be
oparated for both, Solution of the nne
(1 throwgh G) day deficit prohlem can
b maore apprepriately hancdled by the
Ineal wtilities, This approach o openo-
gram disign will supgdy water foo the
WA in the most efficient  masner
consistont with the planning afsjectives
aupressad by many groups in the
Whilha, The prograems bBoee Beon oo
rangzr inte decision tree branches Tor
stlacted combinations of planning ab-
T Lhe
timing of decisions rsgquired 1o place

jrtives. specification  of
wad bar supply projects on lise ian Lime
Lo awert shorlages is shown in Flgaie
B-41.

A critical choice has becone apgarent
during the WM& study. Many of 1hea
project alternatives desired by local
infnrasks are re or Unprosen tech-
redogies. Before sy of thede can be
implemented,  their techiecal  faasi-
Baility rrasl be praven. Small scale pilot
lazilities 1o evaluale estuary reatmsnt,
advandcad  waile  wWwater  treatmant
(AT Faeilities, land treatreent and
unoravan  gradnd  water  aguifers
appear necessary. The pilot tests of
thase rechinedoge: could delay their
full szale nplerentation until 1980,
If demand 12 adjusted to explicitly
NCarparate  conservation  programs,
Bloarmingten Dam and Lake con miect
the ronthly WA demand thrinsgh
18890, The szven |7 thraugh 301 day
cernand: cannot ba mat by Blooming:
121 much Deyand 1980, Therefare, a
ned project must Be oan line by 18940



unless the people of the region are
willing to aceapt an increased risk of
less than 30-day water supply defiein

Consaquently, a choica that must ba
facad in the 'WMA is whethar to: 1)
Ut prowen technalogies such as raw
water interconnections, Verona and
Sinps Bridoge Dorm and Lake and lacal
impoundmeants: or 2 accepl the risk
of less than A0-day sipply deficits
while pilot pesting programs of Laned
weatment, estuary  Treatment, SWT
plants, and ground water aguifers.

Basad on the reaction o the WMA
staff report, key element of the five
Dacision Tree Branches shown in
detail in this report are baing wsed o
develep  thres  final Decision  Tres
Branches with emphasiz on provan
technolngies prior to the year 1920
and other sources thereatter. This will
dlow time to develop data on un-
proven techrologios o they can be
more adequately evaluated for second
phase deselopment. The threa final
Dacision Tree Branchas will ba im-
cluded in the final WMA report as the
basis upon which to initiate the Wagh-
ingtan  Metropolitan  Area Futura
Wiater Meeds Stuchy, They are, how
puer, shown schematicallby on Figur‘e
B-G. Decision Timing For  Initial
Propects-WWia  (Branches &8) are
showen o Figura 6-5. Data an the five
biagic alternatives i presented to assist
the reader in understanding the trade-
offs ameang thern and B they were
uied o arnve &l the fimal three al
TErNATINES.

The following is a list of projects
considered viable for the WA and
usxd a5 the bass to select components
of regionzl prograrms for the Decision
Tree Branches aceording to how el
they satisfied the appropriate obje;
Lives,

*  Upstream Reservoirs. Verona Dam
ancd Lake would be located near
Staunton, YWirginia and could supply
125 to 190 mgd oz required for a
particular pragram. The 3,900 acre
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preject would cost an estimated 540
million, Sikes Bridge Dam and Lake,
rmear Sikes Bridge, Margland, could
supply 85 to 80 mgd as required at an
eslirmatedd cost of 531 rmillion. Both

prajects would be apmrated to inorease
the average moanthly bass lowr of the
Poroamias:,
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e Estuary Treatment Plant. Indirect
or direct reuse of Potomac estuary
water could be accomplished by ad-
vanced treatment of water withdrawn
from the upper portion of the estuary.
Two systems are being considered. The
first is a river mix (indirect use) system
" that would pump between 100 mgd
and 200 mgd of treated estuary water
35 river miles upstream of the Wash-
ington, D.C. intakes on the Potomac
to augment existing stream flows. The
second would be a plant mix (direct
use) system that could pump between
50 mgd and 100 mgd of treated,
estuary water to an existing water
supply plant and mix it with plant
water,

® Local Water impoundments with-
in the WMA. Local reservoirs on trib-
utaries would be filled by pumping
from the Potomac River during higher
than normal flows with release to
augment the Potomac during low
flows. Several sites are under study in
Loudoun and Montgomery Counties.
These impoundments could supply
from 90 to 500 mgd and be used to
provide peaking water to meet a
portion of the one {1 through 6) day
deficits as well as seven {7 through 30}
day and monthly deficits.

« Raw Water Interconnections.
Water would be pumped from the
Potomac during high flows to fill
existing reservoirs that would, in turn,
augment the Potomac during low flow
periods. Two existing reservoir systems
are under study, the Patuxent and
Occoquan. Yield from these intercon-
nections would range from 100 mgd to
265 mgd and could provide water for
seven (7 through 30} day deficits.

»  Ground Water. Two ground water
areas were considered, the coastal
plain area in Charles and Prince
George's Countigs in Maryland, which
would vyield an estimated 100 mgd;
and the Hagerstown Valley area of
Maryland which could yield an esti-
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mated 50 mgd to augment the river
during low flows.

® Indirect Use of Treated Waste
water. Through the use of advanced
wastewater treatment plants (AWT),
wastewater could be treated to stream
quality standards. One AWT system
under consideration in this study
would take effluent from the Blue
Plains Wastewater Treatment Plant,
treat it further, and then discharge it
to the Potomac River 35 miles
upstream of Washington, D. C. Other
AWTs could be located in Loudoun
and Montgomery Counties to treat
wastewater generated by future
growth in these areas. Yields are esti-
mated to range from 35 mgd to 200
mgd. AWT construction is proceeding
in the area and can have a beneficial
effect on water supply if designed
specifically to do so.

e Land Treatment of Wastewater.
Secondary wastewater treatment plant
effluent would be sprayed on land,
and through natural biological and
physical processes it would be brought
to stream quality standards. The water
would be recovered through natural
run-off into the Potomac. A site under
consideration is in Loudoun County.
The estimated yield of this project is
25 mod although 50 mgd would be
required for spraying, the difference
being lost due to evapotranspiration.

* \Water Demand Reduction. Three
methods of reducing demand are
under consideration: 1) Water con-
servation fixtures such as special water
closets, shower heads and spring-return
faucets; 2) Water use restrictions to
limit or restrict specific uses during
emergency situations. These would in-
clude such restrictions as a han on
lawn watering, use of ornamental
fountains and car wash units that do
not have recycle equipment; and 3}
Price increases.

DECISION TIMING

The timing involved for imple-
mentation of each proiect is an impor-
tant factor which must be considered
when projects are selected for in-
clusion in a plan. The schedules of
implementation shown in Figure 6-6
are for the early action projects in
each branch of the Decision Tree.
They are presented as Federal projects.
However, state or local agencies could
assume responsibility for some pro-
jects, especially the interconnections,
local reservoirs, ground water, AWT
plants and land treatment. Projects
deating with the regulation and man-
agement of water demand, such as
pricing, restrictions and plumbing
codes, would have to be implemented
by local governments.

Interconnections would be the first
projects on line in Programs 1A, 1B
and 4A and would take a minimum of
10 years to implement. The inter-
connections would connect the
Potomac River as a raw water source
with either the W. T. Duckeit Reser-
voir on the Patuxent River operated
by the Washington Suburban Sanitary
Commission {WSSC) or the Occoguan
Reservoir operated by the Fairfax
County Water Authority (FCWA).
Initial indications as to the effects of
mixing Potomac River water with the
water in either existing rveservoir are
favorable, but detailed impacts of
the interconnections will have to be
carefully studied before construction.
Rights of way will have to be cbtained
for the pipeline routes and approval
will be needed by Federal, State and
County agencies and the WSSC. The
initial decisions should already have
been made if either or both of these
projects were to have been constructed
in time to acceptably lower the risk of
seven (7 through 30) day shortages.

AWT plants, the first project to come
on-line in Programs 2 and 3, would
take a minimum of 9 years to imple-
ment. The design, authorization and
appropriation time might have to he
extended due to the present hesitancy



to advocate treated wastewater as a
source of water supply. AWT plants
would need the approval of Federal,
State and County agencies. lt is too
late to make decisions to bring these
projects on line in time to acceptably
lower the risk of seven (7 through 30)
day shortages.

The Catoctin High Flow Skimming
Impoundment in Virginia is the first
project to come on-line in Program 4-B
and would take a minimum of 8 years
to implement. Due to the present local
opposition in Loudoun County to the
destruction of historic land sites and
diminishment of scenic, cultural and
esthetic value of the area caused by
this project, State and local approval
might take longer than the estimated
two years. This high flow skimming
impoundment would need the ap-
proval of Federal, State and County
agencies. Land, easements and rights
of way would have to be obtained. 1t
is too late to make decisions to bring
this project on line in time to accepta-
bly lower the risk of seven {7 through
30) day shortages.

Goose Creek High Flow Skimming
Impoundment is the only project
needed after Bloomington to meet
monthly water demands until 2020 in
Program 4C. Eight years is needed as a
minimum to implement this project.
Due to the large number of acres
inundated and its location in Loudoun
County, State and tocal approval may
take longer than the estimated two
vears. Goose Creek High Flow Skim-
ming lmpoundment would require
Federal, State and County agencies’
approval, Land, easements and rights
of way would have to be obtained. It
is too late to make decisions to bring
this project on line in time to accepta-
bly lower the risk of seven (7 through
30} day shortages.

The Little Monocacy High Flow Skim-
ming Impoundment is the first project
to come on line in Program BA and
would take a minimum of 8 years to

implement. The Little Monocacy is
located in an increasingly urbanized
area and would therefore require care-
ful land use planning before State and
local approval could be obtained. This
high flow skimming impoundment
would require Federal, State and
County agency approval, Land, ease-
ments and rights of way would have to
be obtained. It is too late to bring this
project on line to acceptably lower the
risk of seven {7 through 30) day
shortages.

Verona Dam and Lake has aiready
received State and Federal approval
through the design stage. Verona Dam
and Lake would require additional
Federal and State agencies’” and
County approval for construction.
Land, easements and rights of way
would have to be obtained. Verona
Dam and Lake cannot be operational
in time to acceptably lower the risk of
seven (7 through 30} day shortages. In
addition, the 27 days it takes for water
to travel from the dam to the WMA
makes it inefficient to use as a seven
day source. Since the time for de-
cisions or actions to implement the
early projects on branches 1 through 5
has passed, Figure 6-b has been de-
veloped for branches 6 through 8
reflecting timing of decisions or
actions needed to reduce the risk of
seven day shortage. Branches 6 and 8
will require the development of a
restriction policy severe enough to
reduce demands to the winter level.

PLANNING ASSUMPTIONS

The following assumptions were made
to formulate the alternative programs
shown on the decision tree:

1.  Water supplies will be provided to
meet projected average monthly
demands. Demand projections
have been reduced to reflect use
reductions through water saving
fixtures and appliances of 1 mgd
per year after 1975, for a total of
45 mgd by 2020. WMA demand
was then disagaregated into
Potomac and non-Potomac de-

mands. The programs compare
Potomac supplies with Potomac
demands.

2. Short term peak deficits between

7 and 30 days duration are allevi-
ated with peaking projects which
supply large quantities of water
for short periods or through
emergency water restrictions that
reduce the short term peak de-
mand. Application of restrictions
could reduce monthly demand to
the teve! approximated by winter
demands, when lawn watering,
filling of swimming pools and
similar non-essential activities are
at a minimum.

3. In all programs peak deficits of
less than 7-days duration may he
alleviated using demand reduction
through emergency restrictions,
local storage provided by water
utilities, by reducing the 100 mgd
minimum flow into the estuary,
or by using the emergency intake.

4. Yield is based on the monthly
minimum safe yield of the Poto-
mac River at Point of Rocks less
100 mgd minimum flow to the
estuary.

5. Bloomington Dam and Lake, now
under construction on the North
Branch of the Potomac River, will
be operational by 1979,

COST AND CASH FLOW

Local expenditure and cost data have
been developed and are displayed for
Decision Tree Branches 1 through 5.
These data demonstrate the financial
sensitivity of program and user costs
to local and extra local funding source
assumptions. Comparison of estimated
annual local expenditures through
2020 for both amaortized capital con-
struction costs and operation, main-
tenance and repair costs shows that it
is less expensive to use extra local
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tenance and repair costs shows that it
is less expensive to use extra local
funding during the B0 year period
{(1970-2020) of analysis. This analysis
was based upon the assumption that
the 1958 Water Supply Act may be
applied to obtain extra local funding,
It includes a lower interest rate and a
longer payback period, resulting in
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small annual payments, as well as an
initial period of up to ten years until a
project comes on line during which no
debt service payments are made and
no interest is accrued. However, since
in all cases local cash outlays extend
beyond 2020, total program cash out-
lays are slightly greater, less than 1%,
with extra local funding. Estimated

cost per mgd of safe yield for 1980,
2000 and 2020 is higher for local
funding because it has been calculated
on the basis of a 10% reserve on debt
service which is typically required by
investment bankers on municipally
funded projects.
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BERAMNCH MUMBER OME — A pro-
g desigied to saniEfy dhe ol tiey
of enviromments quality, Seolniine,
S0 SGEITE, a5 el as warfer sy,

Branch 1 is formulated to minimize
health risk sy delaying use of the
estwary wntil more questions can b2

ansgmred by the pilat estuarine treat-
rmenl  plant. In addivon, it comme

plernents satisfaction of environrmantal
quality by minimizing largs scale, land
nrensive reecruair canstuctiong flexe
ibilitw  in tereed of  multi purpose
function  and =ase of building -
crpments; and eguity in terems af the
mast  egual distrihution  of  non-
moanetary osts and benefits,

Prograr Descriptions — 14 and 1B

1880 — With  Bloomingian Dam and
Laks oparating by T8B0,
adeguate suppliss o meat
moathly demands are auail-
ahle.  Howrwer, smeen day
deficits could aoour bBut may
b met B orestrictions  as
naeded,

1990 — An  interconnection  routed
through Wontgomeary  County

bapwesn the Potomao River
and existirg Patosent Reser-
walrs is neaded 1o alleviate tha
saven day  demands  thiough
2020, In Program 14 1he
intercsnnection would supply
an additicnal 170 mgd and in
Prograrm 1B an addinonal 285
mnd.

2000 — Te maet rmonthly demands for
hath prograrns, the first stage
of the Fiwver Miz Estuary
Treatment Plant located in
Washingtan, OC. wouwld be
bhrought on line to supply an
additional 100 rrgd,

2010 — In both Programs 1A and 18,
stage two of the Estoary
Treatment Plant would supply
an additional 100 mad, In 14
B0 mod would also be nec
essary from welle constructad
ar the Maryland coastal plain.
lmstead of wells, a high flow
skirnrmirng darm and lake proe
g1, on the Littl: Monocagy
in Montgomery  Gounty,
sugpplying 106 g, wooeeld be
constrected in Program 16,

2020 —Wells  oonstructed  in the
Hagerstown  Walley  area nd
Marylamd wpuld  provide 50
rrigd for demands in both 14
and 18. However, an addi-
tional 50 mgd from weells in
the Marvlared coastal plain are
nigedad in Program 10,

Frogram Rationale

Interconnections, a river mix estuary
treatment  plant and oo wellfiskd
areas, ong in the coadtal plain and the
ather in the Hagarstown Wellay, are
the projects selected for Prograrm 1A

The sewen day interconnections pro-
jacts best mest the ohjectives of high

CAFITAL AEQUIAEMENTS

-
2
=
.
i
E
-
=]
=
=
c
=
=

reliphility, environmental qualiny and
sacial and  eoonomic oquity. They
opifer proven ahbility 1o mest water
quirlity stemedards g5 well az a reliakle
saaree of  owater. Enwironmentzily,
they hawe high energy requirerments,
require little land and hawve minimal
effect on aguatie and animal  life,
matural  habvinat, wegetation, el In
regard o equity, codns and benetit are
well distributed in the ragion. Con
struction would only occur closa 1
ghe WAL Although incerconnections
offer flexibllity in the gquantity of
water which can be obtained, it is
desirable to build the pipsling to it
ultirmate capacity becauss of the in-
efficiency invalved in building a series
of srmaller pipelines as nesded.

The river rix estuary treatrmant plano
and weallfields provide monthly nesds
and cormplete the projects for this
program. Although tracbe offs muost be
rade among the nhjsctives, on the
whaole these projects sssist to satisfy
ricst ohjectives. The estuary ard well-
figlds rank high in eowironmental
qQuality with the exception of the high

erenyy regulrernents for operating the
gstuary treatment plant and for gump-
ing estearing water up to Dickerson,
Maryland, The estuary  plant coukd
provide 2 large volume of water bt
wiould greate wwater quality guestions
dug to the uncertainty of operating an
gstuary plant that will always meet
river weater standards. Walls on the
other hand, may |.'|r|:|'.ri|ﬂE' hlﬂh quality
water, hut gquarntities ramain a ques-
tinn due to as yet unpreven yields,

Flexibility 10 incraasa cutput is high in
the case of wells and mederate for the
artuary plant.

Social and eponomic eguity, is sereaed
well by the estuary bl (835 50 By the
waslllields. The river rix sstuary uses
local sources st e wellields are
leesanad some distanca from thoss whi
bienaf it rivost,

With the ezcaption of the inter-
connecticns, the projects in Program
14 may be considared as examales of
new or  unproven  techoclogy.  The
potertial  for wells bas ogel to be
sstablished and uncertainty ramains as

to the quality of the trepted estuary
wiater in terms of sustoined  yield,
relizzility ard hzalth risks= These un-
proven  technologies  regquire  pilot
offorts to resolve the uncertainties
related to their use.

Program 18 is in most respecis iden-
tical to Frogram 14, except lasger
interconnections wers wied W provide
grearer saven day peaking capakility
and a Potomac high flows skimming
praject on the Little Monaocacy instesd
of the Coastal Plain Wells, Program 18
generally serens the objectives af thig
program gs well as 18 with e size of
the interconnection  raking  litele
difference. The Little Monocacy inme
poundment, on the other hand, brings
ifs mwn characteristics 1o Bear on tha
aivjectives. The reservoir could provide
nol anly water supply but aleo some
limited recreational benefits. [t would
provide a relizble, source of water of
known guality. Equity questions could
arise al the logal lewel remarding land
aequisitian in Monmgorrery County to
supaly the metiepalitan area,

DISTRIBUTION OF EXPENDITURES FOR BRANCH 1A

PROJECT DATA FOR BRANCH 1A ™"
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ADDITIONAL SUPPLY DEMAND V5. TIME CUMULATIVE EXPENDITURES FOR BRANCH 2A

BRANCH ZA BRANCH 2A

& ENVIRONMENTAL QUALITY

e e T - DAY DEMRND. 1,508

[=]

= ALANT CAFALITY ., % H NTROL

= NOKTHLY DEMBAD.. GROWTH CO

=] MORTHLY SU9L Y @

Z 700 7 yawTER DEMaND oI

= IFEB. AVERABED = 1,000 - CL

= o

= =

==

= 50 - 3 3

= 5

= e =

o =]

= S 500+

= =

a

= T

=

= o

= SUPPLY BRAMNCH 24 o

I I I I

CURRENT 0 i T T T 14970 1980 1000 2000 0 200 Pfl"'_s.'” ""“'ﬂ“ EEEHE"“"-'&_H_IA .
LEVELOF 1870 19410 1930 2000 010 2030 MR LEND
et TARGET YEAR

AUGUST : : E
L — Losd axpendiberes wndar [neal fanding azsemption

':E = Lneal expendiberes mnder extre lozel funding ssomption
Curezs are approgimata in shipe dug 0 seale of graph

DECISION TREE — BRANCH 2A {AUGUST)

BLOOMINGETON AWT
DAM AND LAKE 45 MGD
13 MED
Y
AWT* EH':';.E]H
B0 MGD S0MGD
| | | .
LEOEND:
AODITIONAL EXISTIRG G103 80F (2EANS, RESENVOIES, ETC
DEMAND = 136 165 45 2ED0 356 410 4B8 535 474 aas Il e FIAZEE [ BIRFLIRES, TUARELS, SOMEUITS, ETL.
g : . CNISTENG MPELIHES, TURMELE GOADNITE LT
ADDITIONAL b 3 y
SUPFLY 120 #=++| 304ee | 305 216 345 256 )11 300 AE0 390 575 4AE i FRDPISIDSTONAGE FUNDS. RERERVIAS, ETC - :
1MGD) " i FOPISED FUFING STATIN [ ETF MOATHUMEERL
LINMIET + Eﬂ @3FOEED MELL FICLOS

DEMAND - - = - - 28 - 110 = 145 o a0
ESTUARY I THEAANAL WTF
iG] A
& el
’.‘ HIL= FL2W ERIM A TERCOMMELTIDN
sk WEAILLEA WATER TALATMERT PLANT

“PLANT CAPACITY 110 MGD, WALUES WARIES DEFENDING UPDN AVAILABLE SEWAGE FLOWS
SUpLANT CAPACITY 15 INCREASED 190 MGD

SSZUAPLUS POTOMAL RIVER FLOW
=MUST BE MET THROUGH DEMAND RESTRICTIONS

+4+AVERAGE



BRAMNCH MUMBER TWO — A pro-
gran degigred (0 saTiEr Bhe obgectives
of envirmmetts quality and frawth
gontrol, as well & wainr suopdy.

Branch 2 was formulatesd o minimize
sdvarse impact 1 the environrment ard
complement & low growth policy for
thee WA, The impact 1o the enviran-
ment was measured as nomber of acres
of lend affected, the extent of impact
on strearmn water quality, consumption
of energy, and the degree of alteration
of wegetation, agquatic and  natural
habitats. The elflect on growth was
measured by the amount of land tem-
porarily or permanently taken oug of
devaloprrent in the WA and the pase
with which yields of water supply
coaald be ingremaed mosmall steps 1o
sergice small ineresses in popalation.

Program Dhescriptions — 24 and 2B

1980 — With Bloomington operating
by 1980 adequate supplics tn
meat montly water supply
demands are available, Waste
treatment @lants would hegin
ta ke built in ctages in Fairfax

ULTIMATE
MONTH T-0Ay

and Montgomery  Countios
with & gombingd capacily 10
treat 110 mod of wastewater
pererated in the region 10
stream guality standards. They
would  discharge  inta  the
Potomac River 35 river mlas
wpstream of Washinguan, 0LC,

1920 — Saven day deficits will exist
from this time frame on and
will be met through emesgen-
gy rectriction propedures
These would bz implermentad
12 reduce peak demands up to
170 magd rather than provide
additional sewen day supply.

F000 — With an expansion of the AWT
plante in  Montgomery  and

2020 — Program 24 supplies an addl-
tioral 50 rmgd by expanding
the plant mix estuary treat
reent plant. Expansion of the
Coastal Plain 'Wells supplics 50
rfgd In Pregram 2B,

Program Ratianale

Pragrarn 20 consistis of emergengy
restrictions, SWT plants, and a plant
mix estuary treatrment plant, In this
prograrm thare is no physical project
spegifically included for handling the
eewen day peaking problem.  nstead
this problem would be handied by
BrNBrQancy watlel we restrictions,

CAFITAL REOUIREMENTS

Fairfax Counties, an addition- ERANGH 24
al 110 mgd weauld be pdded 1o 5
the area's supply capacity. :.,’E
Eﬂl
2010 — A plant mix astuary treatment E
plant, supplying &0 mogd s g I
construcked  in Washington, = I I_
One. by 20100 In program 28 [ IJ_ ol
an oodiional S0 mgd jsavaitler W [ 1L | T Tor1
] LLE] 1t ] 1M o mk o]
hie from wells in the Cosstal YEARS
Flain.
PROJEGT DATA FOR BRANCH 2ZA**
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Thiz pragram caxmplernants environ-
riertal  quality and growth  conteol
abijectives quite well, The emergency
restrictions would have only 8 limited
ermdiranmental impaet centering in the
upger ectuary, Sinee & peaking facility
1 rnest sauwen day peaking problems is
lacking, restrictions may tend to retard
growth if local ordinances are enacted,
Enveranmental ly, using existing AWT
plants for weater supply has a numbser
of adwantages. They recuire little
additional  land, enhance  instream
waatar quality by ausgrmenting low flows
and  causs minimal  disruption of
matural  habitat, animals, wvegetation
and aquatic life. Their magsr detri-
mant, howewer, is their comparativaly
high cnergy  requirements for plant
processes and Tor pUmMping espacially
since the AWT plants would be opara-
Tng yaar round. Howewar, AWT plants
are flaxible and can be incrementad as

raquired by the armownt of growth inoa
county also  complamenting  low
nroawth palicies.

A plant imix estuary teatment plant
would hawve a simllar effect on growth
g that of the AWT plants. Enwircn.
rentally, it requires less land bt has a
potentially adverse affect on the en
viranmant of the upper estuary, when
estuaring withdrawals are coupled with
a lovew flow regima.

Prograrm 28 i similar to Program 20
extept e plant mik eetuary  freat-
ment plant is replaced by coastal plain
welle. This projact also complements
erwviranrsental quality ard low growsth
policies quite well, The wells require a
rraderate amount of land, a moderate
amount of energy and have very Httla
impact on ecolngical Syatems, aquatic

and terrestrial. 'Wells are fairly easy to
increment as rmeeded when growth
requires, Fecharge areas and aress ime
mediately sarreunding the wells need
tn be protected and offer the opportu-
nity for local fand use ordinances to
dn so for both proection and control
ni growth. Programn 28 is primarily
one of wastawater reuse,  relying
haavily on &WT plants and astuaring
withdrawals, In both programs the
technologies are relatvely unproven
gxcapt for wells. Bafore this program
can be suecesstully launched the per-
formance of thesa projects will haee to
bz paroven.

DISTRIBUTION OF EXPENDITURES FOR BRANCH 2A
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ADDITIONAL SUPPLY DEMAND V5. TIME CUMULATIVE EXPENDITURES FOR BRANGH 3
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ERANCH MUMBER THREE — 4 aro
grarm designen 0 gariEly the ol dves
of oozt snwronrmental goality, and
growih controd, aF wiell oy waler g
oy Branch 5 complements enwirdn
manrgl  guality and growd contraS
ohpas Ve i ar cosd e fficiant @ eoacier
&2 paskibia.

Pragram Description — 3

1980 — With Bleominoton operating
by 1980, adequate supolias to
meet monthly water supoly
demands are avgilahle, ‘Waste-
water  at the  Monfgomery
County  Advancad  Waste
Treatment Plant will be treps-
Bol 10 trearn gualivy stardards
and  discharged  into the
Fotormar  upstrearm ol thae
water  wipply  intakes.  First
stage plant capacity would be
TEmed.

1980 — Seven day deficits will exist
Trom this time frame on and
wiill e met through ernergen-
oy restriction proceduras,
Thase wwould be implemanted
Lo reduce peak dermands up ta
146 rgd rather than provide
additional ieven day wupply.

2000 — Expansicn of the Mantgomery
County AWT Plant incresses
the supply capacity angther
T8 mgd, for a3 total of 1RO
mgd. A& plant mix estuary
Traatment  plant, aonstructed
it Washinglon, UG wauld
supply 100 rgd.

20010 — Mo additional supsly  Aecas-
sary to et projected month-
Iy demamnals.

2020 — To meet increasing demands,
wealls  inm ke Coastal  Plain

PROJECT DATA FOR BRAMCH 3+

Mibian Dollars Fer Yier

would add 100 mgd 1o the
WA supply.

Fragram Rationale

Ermzrgency restrictions, AWT plants, &
plant mix estuary weatmant plant and
coastal plain groundwatar are the oro-
jects in Program 3, In projects and
abxjectives this program is in many
ways similar tn 3 composine of Pra-
giarm 28 and B The only new ab-

CAPITAL REQUWIREMENTS

4

YEOHS

jective is low eosl. Asin Pragrem 2, no
facilities would be consthacted spacifi-
cally for rmeeting sesen day  peak
dernands.  Instead, emenpency  wabar
uga restrletions of up o 145 mgd
walld b requined,

&g oon Program 7, resteictions, AWT
plants, sstuary treatment Dants. and
wealls complement the enviconmental
quality ohjective fairly waell, Small ta
roderate amounts of land are used,
Operaticn of the projests during low
flowe poriods could add to adeerse
conditions pxisting within the wpper
cstuary,  fgain, the  major environ-
mental drvechack s tha Righ energy
reuirements of tha AWT planits and
astuary reatment plants,

This program, unlike Frogram 2, does
rat cortribute & roch o o growth.
Sinee low eodn is also @ lactor, trade
offs are made between law groavth and

low cost, The effect bring that to
lower cost, the esteary plant and
coastal wells are huilt to full cxpacity
in one stage instead ol in growth
elatad  increments. Restrictions and
AWT plants are not allacied Wy cost
congsiderationg and sl cormple meat
I grosah policies.

The projects have modersts capital
and operating eosts for eater supply
with the exceptien of the estuary
plant which has ralatively high operat-
ing cost. The prograrm could also ke
considared aguitaile since it ralies
largaly on local sources, koweayer, the
equitability of a restriction prograrm
must be carefully corsidered by local
imterasts

This prograrm brirgs into circulation
and recirculation a large amourt of
water from the new technnologies. It
alsa demands commitment to 3 courss

of acticon that may not be complately
suceessful  becavse af the unproven
technolagies involved.

DISTRIBUTION OF EXPENDITURES FOR BRANCH 3




ADDITIONAL SUPPLY DEMAND VS, TIME
BRANCH 48
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ERANCH NUMEBER FOUR — A pro-
gram desgned fo seiishe e obeotivey
of redfalyiiny, cost, and Sqoihe, an el
A WEler SUam),

Branch 48 represents & mix of objes
tives lar individuals concamed prima:
rily with pulslic health, the firancial
burden incurred Dy new projects and a
fair distribution of non-monetary costs
g henefits throughout the region,
Beliability is  measured by water
quality standards and the availahility
of an adeguate raw water source. Low
cosl is based on both the initial oo
struction cost per mnd and the anauwal
operating cost. Social and esonomic
equity is measured by the degre2 1o
which the program equally distribules
costs and benefits in the region.

Prograr Descriptions — 44, 48, 4G

18AR0 — With Bloeminglon operating
by 19890, adeguate supelies to
meet menthly water supoly
damands are available, Emer-
gency  restrictions would be
implemented  betseen 1930
and 1980 in Progiam 4C. Re-
strictions would alio be naces-

sary for Programs 48 and 4B
until additiconal grojects came
o B,

1980 — A intercannection  batwesn
the Potomac  and Patuxent
Rivers thiaugh  Meontgomery
County would supply up to
260 rogd o mest peak sevan
day dernands throagh 2020 in
Pragram A8, A Patarmac high
flow skirmrming darm and lakes
project an Catecun Crask in
Loudoun County  would
swipply up to 155 mad to meet
pezk seven day demand:s and
130 rgd te mest monthly
demands in Program 4E,

2000 — In Program 4 o Fotomae high
flowe skimming dam and lake
project on the Catoctin Cresk
in  Loudgun County  would
supply 145 mgd. Mo projcts
are: included in Pregram 4B for
this fime period. [ Program
A0 a1 Potamac high flow skine
rming darm and lake project on
Goose  Cresk  in Loudaun
County would supply 20 mod
for peak seven day periods and

PROJECT DATA FOR ERANCH 4B**

430 rmgd o meet monthly
period demands throwegh 2020,

2010 — In Programs 48 and 48, Sixes
Bricige Dam ancd Lake Project
on the  Middle River in
Fraderick and Carroll Countas
Maryland  weould supply BB
mgd, Mo projects are schad-
wled in Frooeam 40 for this
prriad,

2020 — In Programs 44 and 4B,
Wernna Dam and Lake Project
an the Middle River in Au-
guita County, Wirginia would
supply 130 mgd. Mo projecss
are acheduled for Pragram 40
SUHARTAE R G ements

BERANCH 48

Milica Dolars Per e

Program  Rationale

This mighly river regulation orisnted
prograrm is concerned with quantity
and guality of water, and with equi-
table distribsulion of monetary and
no-monetary  costs. It does not in-
clude wells ar the new technologies, It
responeds 1 Eraditional practical and
palitical considerationg, zlthowgh ite
asceptalility is uncertain today.

Branch 4 represents a hichly reliskle
water supply program and handlas the
sevan day peaking problem in teo
differant wavs, In 445  inter-
connectlons, which only handie paaks
of less than 30 days are included and
i A8 and C, Potomag River hinh flow
skimrning geojects, already on line to
meet the monthly deficits are designed
12 also mest seven day peak deficits,
Emergency restrictions are, hodeeser,
wind inm 48 pmed 4B witil 79817 and in
AG botween 19650 and 19480,

Pregram 44 consist: of an intercon:
nection, a Potomas high flow skim:
rirg glam and lake on the Catocting

and Veronn and Sizes Bridge Darn and
Laks projects and mests thy abjeclives
quite well. All projests provide high
relighility and low cost, as well as
high quality water, With the exceptan
of the interconnections which have
high capital and nperating osts &80
ciated with them, all the oter projacts
have low capital and aperating oosts,
O the guestion of socdal and eoo-
naimic @quily, Catoctin is inside the
SETVICE Arad.

Program 4B consists of a high flow
skimeming damand lake on the Catoctin
and Verana and Sixes Bridge Darms and
Lakes. The rajor difference betowsen
A8 and 44 i5 that in 48 the Catoctin
project is designad o meet seuen day
peaks  and aliminates the need  for
interconnec liens. Designing the Catoc
tin Creek project for Progeam 48 1o
mieet the seven day as well & the 30
day  deficits would be more costly
both e eonstract and o pperale lhan
if it ware designad to mest only 30
day deficit., 1t wou'd, howeewaer, be less
pxpensive than adding an additicnal
project such as interconnections both
in tomal cost and in cost per mgd.

Prograrn 47 would consist primarily of
@ high Flow skirmiming impoundment
on Goose Craegk designed to meet
sewen day  and  monthly  demancs,
Geeae Creek would provide reliability
in terms of & low risk source amd in
guality of water supplied. 1t woukd
hawa moderate to high capital oosts
due Lo s slze But its operating cost
would b low,

In cpmparing the thiee swb branches
ol Branch 4, all branchas would egual-
Iy et the reliabilivy objective, For
lew cost, Program 4B and 40 would
prohably be somewhal less expensive
initially since an additionzl project for
mesting the seven day peaking prob-
lerns is not incduded. On the other
hand operating costs would he in-
cutred in Pregrams 48 and 4C to keep
the high flew skimming impound-
rants full,

The reliance on lotal sources for the
near term and on Weroms and Sixes
Bridge Dam and Lakes lor laer years
cenplerments  socizl and  economic
eauity considerations,

DISTRIBUTION OF EXPENDITURES FOR BRANCH 4B
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ADDITIONAL SUPPLY DEMAND V5, TIME CUMULATIVE EXPENDITURES FOR BRANCH 54
BRANCH 5A
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RRAMCH MUMEBER FIVE A o
SEIT AERGHED {0 SEnEY the oB @ Dvey
of religlulity ano cogt, ag welf 55 waler
sl

Bramch Five vontairs & mix of gbjeo
tives  feaditionglly  held oy those
respongitie Tor water supply. Tha s
sumnptions behing these objactives arn
that 3 swstern is neaded that best mects
puhlic healitn standards, impeses the
least ceost arn 1502 requon, and provides g
cufficiont arnount of water 1w suonorn
tne prnjected gioswth snd economy ni
tora regivn.

Program Descriptinns — B0 and 5B

1950 - With  Bloomingtan opraling
by 1980, adenquirte supplies 1
mieet manthly wealer  supply
demareds wre avallasle. Seven
day delicits woll axist from
1951 t 1985 in Program 6B
anid will B2 et by restrictions
a5 needad,

1530 — In Program baAa Potomas high
flper skinmming dam and lake
project on the Liczle Moan-
ocasy  Hiwer in Mertgomery

County zoull suzply op 1o
270 ropd ©o mest peak sevan
day demands through 20200 In
Praocram SR Wercna Damoand
Lake  Projest owould  supply
180 mgd. This ower supplies
the  mnonthly demans s0ifi-
ciently to mect the sewven day
darmand s well until 2000,

2000 — In Pragram B& Woernona Dam
and Lake Project would sup-
aly 120 v, In Progriom 50
Sixes Bridge Dam and Lake
Project would supply 85 g,

2000 — In Proagram S8 Soes Brodge
Dam ardl Lake Project wwould
supply 8% rogd, In Prograrm S8
it high floaw skimening dam and
luke wrojoct on the Catoctin
Treek in Loudoun County
wienald supsly upo o 190 md
L rneet critigal seven oy de-
rmgrieis thraugh 2000 and 70
rmygd  tex mect menthly de-
riricis.

2020 — In Progrom 84 o high Flow
skirmminmg darn amed ke proe

PROJECT DATA FOR BRANCH 5A%*

ject an the Catootin Creck in
Lonsdoun Cournty would sup-
ply 855 rmgd. Mo prajects are
maprded in Prograr BB,

F"h:rgram Ratinnala

This wrogrars snares with the pravious
pragram tha ohjzctives of high reli
abiilizy and lows gost and is also a river
regulation systerm. Program 5 is 2 lows
risk program gnd provides projeots o
el the sesen day peaking demamd.
Froogram 28 uses the Littla Wloirssary
high flosw skimming impoasdimeant as a
AN day praking project. amd in aro-

CAMTAL REQUIREMENTS
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pramn 6B 1re projects e brought on
lire earlier 50 that seven diy dermaneds
are met wdth 30 cay mopEecE Werona
Darm amd Lake and Sises Bridgz Dam
and  Lake wwith Polurmac Tigh Tl
skimming dam geojects on Caloctin
Cresk  and  Litkle  Monooacy  Greek
make up Program 90, Thae fou
projects meel the abjectives of this
prograr. Gl geojects provicle a reliable
saures of water of high qualicy.

In additian, both Verona and Hises
Bridge Darr and Lake would indirest-
Iy henelit downstream water quality
through dilution and the increase of
waste  assimilation  copecitics  during
critical o Flowe periods which in tum
would impeowe the instream habitat
quality. Eagh of these projects would
peovide much needed  water surface
area for Forms ol recreation oot o
sently owailzisle in the area, such as
frizsh waster bicaling, ssiling, swirnming
ard canoging Inogeneral these projecis
would  comalement  envirenmantal

uality, Tha Little Monoosoey lecal
impaursman: and the Catactin Craes
lezal  impoundment  woukd nanafit
water  quality in Lhe  manstzm
Fotomar River, bul 1hair operstion &5
sapen day  reservolrs would  detract
from their recreationz] gotential dus
o the freguency and magnitude of
anticpated drasecowen, Alsa, these teo
project simes passess unigque and spe
pealing  environmaensal  and  sacial
values that would not b otmpansaled
bw replacernent with water surface
arza, Consoquently, these faee Srojects
der not eontibute greatly to envirnn-
wieatal quality.

All the projects hawe low canital and
aparating costs since they arae bBuilt tno
ultimate capazity for cost purposes,
They also prowide ample sater i
ordar not to it groweth,

Program BE consists of Werong and
S Bridges and a high flowe skim
ming impoundment on thae Catoectin

Crack, Lnlika B8, the Little Monacacy
Froject is not included Buol in i plage
Merong ared Sixes Brdge have Doan
wnplemented  2ailian and opErate B
that ronthly supples alse meet seven
day peaks. Lawer in the program when
the Catoctin Project is built 55 would
oe usad for oth manthly and sewen
day peak demands, The operat’ng rules
far Wornna and Sixes Bridue would be
changed 1 provige nnly  manthly
suprplics. Prograrm B& cormplernents the
ohizctives well, In comparing Frogram
B& and B, both have high reliahiling
and provide the flexihilfty to moet
unforasean growth demands since they
refy o larger projects. Program G0 s
lower in cost then BA&. In 54 an
additional project is incheded 10 spaeil-
ically meet sewven day peak delicits,
while in B prejects are implemented
garlier and operated o meet speen day
peak defigits.

DISTRIEUTION OF EXPENOITURES FOR BRANCH 5A
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BACKGROUND

The New York Metropolitan Area
{(NYMA} consists of the New Jersey
Counties of Passaic, Bergen, Hudson,
Essex, Morris, Hunterdon, Somerset,
Middlesex, Union and Monmouth, the
Connecticut Counties of Fairfield,
New Haven and Middiesex west of the
Connecticut River and the New York
Counties of Rockland, Orange, Ulster,
Westchester, Putnam, Dutchess, Nassau
and Suffolk, and New York City. This
study has, to date, defined the regional
water supply problems and has devel-
oped and evaluated potential solutions
to them. Analysis and interpretation of
data from a number of engineering,
hydrologic, environmental, social,
economic and institutional studies has
provided the input on potential water
supply projects and programs used as
the basis for this chapter. These source
studies are described in the Annotated
Bibliography. As with the other two
most critical areas, this information
has been published and distributed
widely to gather as much public and
agency reaction as possible. Close co-
ordination has been maintained with
state and local agencies and various
elements of state plans have been built
into the planning process.

As a result of studies to date, a
number of preliminary conclusions
have become evident concerning pub-
lic decisions that must be made in the
near future., The water supply planning
for the NYMA is at a critical stage.
Recent actions regarding the Tocks
Island Dam and Lake Project have
resulted in a recommendation for de-
authorization. |f water supply de-
mands are to be met, critical choices
must be macde now on alternative
sources for detailed study and recom-
mendation of projects to Congress for
authorization. This chapter presents
the major alternatives available for
selection.

CHAPTER 7: THE NEW YORK METROPOLITAN AREA (NYMA)

AREA PROFILE

The NYMA covers 9,345 square miles
and includes 26 counties in the three
States (see Figure 7-1). It inciudes not
only the city of New York, but other
municipalities with populations’ ex-
ceeding 150,000 such as Newark and
Jersey City in New Jersey, Yonkersin
New York and Bridgeport and New
Haven in Connecticut, The area being
studied also includes several hundred
smaller communities.

The NYMA is by far the most complex
of the three most critical areas. The
study area covers the most densely
populated area of the Nation's most
densely populated State (northern
New Jersey). 1t contains the Nation’s
largest city (New York}, but other
portions are almost rural in nature.

It includes areas where industrial com-
plexes are packed shoulder to shoul-
der, and areas where business and
commerce are stacked in 100-story
skyscrapers. 1t contains the Nation's
fargest concentration of financial,
trade, professional, business and com-
munication services. Manufacturing,
however, provides the major employ-
ment. Yet, the NYMA also involves
areas where farming is a major busi-
ness.

Population projections for the area
have heen made by many agencies.
Although they were made at different
times, extend over different periods,
and do not cover exactly the same
area, they agree that the area faces a
major population increase by the year
2020. Present water supplies will be
inadequate to serve the needs of a
growing population.

The population projections used in
this report are based on the OBERS
1972 Series E projections, prepared by
the Bureau of Economic Analysis
(BEA} of the U.S. Department of
Commerce. Series E projections are
based on long term nationwide attain-
ment of “replacement level fertility”
reflecting gradual reduction in annual
rates of increase in population. The
OBERS projections for each state have
been broken down for areas within the
NYMA proportional to the distribu-
tions used by each state for its own
projections. The 1970 population and
projections are shown in Table 7-1.

WATER DEMANDS

Total water use in 1970 in the NYMA
exceeded 2.7 hillion gallons per day.
Per capita use varied widely in the
study area. The non-industrial per
capita use ranged from 70 gallons per
day {gpd) to over 200 gpd and aver-

TABLE 7-1
POPULATION PROJECTIONS 1976—2020 — NYMA
{in millions)

1970 1980 2000 2020

Northern New Jersey 5.1 5.8 6.9 7.9
New York City 7.9 8.0 8.4 8.8
Suburban New York State 4.3 4.9 6.5 7.7
Southwestern Connecticut 1.6 1.8 2.1 2.5
TOTAL 18.9 20.56 23.9 26,9
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aged 135 gpd. Publicly supplied in-
dustrial use, on a per capita hasis, is
even more variable, ranging from
almost zero in some areas to b0 gpd in
the Central Naugatuck Valley of Con-
necticut. In New Jersey, publicly
supplied industrial use accounted for
13% of the total water used. In New
York, it represented 3% and in Con-
necticut 36%.

Projections of population, economic
activity, residential density, domestic
water use, and water conservation
measures indicate that total water de-
mand in the NYMA will exceed 5.1
billion gallons per day by 2020 (see
Table 7-2). Water conservation devices
were assumed in 25% of all new
homes, reducing water use by 18
percent for flush toilets, 7 percent for
showers and 1 percent for washers,

Future industrial demand is a major
element of total demand. It is assumed
that all additional industrial water
requirements in the future will be
publicly supplied, so that industrial

licly supplied water in 1970 to 36% in
2020.

Furthermore, the level of future de-
mand is highly sensitive to the rate at
which industrial recirculation and
water saving technological change are
assumed o increase. A uniform rate
over the area has not been assumed as
part of the base case for two major
reasons:

1. The study boundaries cross three
independent political subdivisions,
New Jersey, New York and
Connecticut.

2. Industrial activity, while important
in the Connecticut and New York
portions of the study area, is not
the core of their economies. As a
result, these states may be much
more likely to impose early action
controls on water use in industry
than a state whose economic base
is primarily and solely industrial,
such as New Jersey, and northern
New Jersey in particular.

TABLE 7-2
WATER SUPPLY SUMMARY — NYMA
{millions of gallons a day)'
1970 1980 2000 2020

NEW YORK

Average Annual Water Demand 1860 2110 2490 2970

Potential Local Supplies? 1760 1960 2040 2130

Water Supply Deficits 100 150 450 840
NEW JERSEY

Average Annual Water Demand 680 820 1200 1650

Potential Local Supplies® 640 700 800 820

Water Supply Deficits 40 120 400 230
CONNECTICUT

Average Annual Water Demand 220 - 290 360 500

Potential Local Supplies® 220 250 260 260

Water Supply Deficits 0 40 100 240

! Rounded to the nearest 10 mgd.

2|1 is assurmed that demands are initially met by development of local supplies over time,
until the maximum capability of those supplies is reached.
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The rate of improvement in recircula
tion and technology can, however, be
influenced by deliberate public policy,
with great effect. For instance, Table
7-2 assumes that such improvements
will reduce the amount of water used
for a given level of industrial output in
2020 to approximately one-half of the
1970 amount. If a more stringent
public policy were adopted, the
amount of water for a given level of
industrial output could be reduced to
one-third the 1970 amount, and New
Jersey’s deficit in 2020 would be
decreasecd by 415 mgd, or one-half.
The results for the other states would
not be as dramatic since there is less

industrial water use than in New
Jersey.
AVAILABLE WATER

The complexity of the NYMA is re-
flected in the results of initial studies.
More than 100 separate water supply
projects to draw on available water
sources were studied and found to be
technically feasible. Sources as distant
as the Susquehanna River and the
Great Lakes were investigated.

Obviously, these feasible sources had
to be narrowed down to a mare
manageable number for further study.
The early winnowing process was pri-
marily one of screening the sources to
see which ones could supply the large
amounts of water necessary as close to
the user areas as possible for reasons of
equity and cost of development.
Sources outside the overall NEWS
Study area were examined, and pref-
erence was given to sources within the
NYMA. The following sources passed
the screening process.

Hudson River

The largest single water resource with-
in reach of the study area, the Hudson
River, has an average flow exceeding
12,000 mgd at Poughkeepsie. . Be-
ginning in the Adirondack Mountains
in northern New York, it flows
southerly 147 miles to Troy, New
York, and then becomes tidal for 153



miles to its mouth in New York

Harbor.

Delaware River

One of the largest rivers on the east
coast, the Delaware River has a drain-
age area of 6,780 square miles and an
average flow of 7,600 mgd at Trenton,
New Jersey. This major river flows
through the States of New York, New
Jersey, Pennsylvania and Delaware.

Housatonic River

The Housatonic drains much of the
western part of Massachusetts and
Connecticut and has an average flow
of 1,600 mgd at Stevenson Dam. It is
widely used for recreation, power pro-
duction, and industrial water supply
and waste disposal.

Connecticut River

The Connecticut River drains much of
vermont and New Hampshire, the
western part of Massachusetts, and
Connecticut. With an average flow of
10,300 mgd at Thompsonvilie, Con-
necticut, the River has been developed
extensively for hydroelectric power
and industrial water use, but the main
stern has not been used for public
water supply.

Other Sources

Other sources of water supply in the
MYMA are the smaller Passaic and
Raritan Rivers in New Jersey and the
around water aquifers of Lbng lsland
and southern New Jersey. Desaliniza-
tion of brackish water or sea water is
also under consideration, although it
poses questions of cost, energy rve-
quirements and environmental effects.
Conservation measures and devices
have also been addressed, and if im-
plemented to a degree greater than
already assumed could reduce the de-
mand supply imbalance.

WATER SUPPLY PROGRAMS

Alternative programs, comprised of
various projects, were designed prima-

rily to meet the water demand of the
NYMA. However, they were formulat-
ed in such a manner as to also recog-
nize and complement various other
objectives voiced by concerned resi-

dents of the area.

The evaluation process is a detailed
technical assessment of the effects of a
project on the NYMA and on the
additional objectives. A preliminary
application of this lengthy procedure
furnished the wealth of detailed in-
formation that led to the formulation
of the decision tree {see Figure 7-3},
which presents five possible courses of
regional action.

The Congressionally authorized Tocks
Istand Lake Project has been recom-
mended for deauthorization by the
Corps of Engineers. However, since
Congress has not yet acted on the
recommendation, it has been included
as a potential project on two Decision
Tree branches.

The five branches of the decision tree
were chosen from among the large
number of possible project combina-
tions that would, in a technical sense,
meet the growing water demands of
the area through the year 2020. The
branches are shown to indicate how
various projects, when combined,
could assist to satisfy one or more
local objectives, in addition to water
supply. They also demonstrate how
more than one source of water can be
used within the framework of a region-
al program. Examples include early
New Jersey development in the
Raritan River Basin and development
of both the Hudson and Delaware
Rivers for regional supply. The plan-
ning process is continuing. However,
choices will have to be made soon if
the risk of shortage is to be lessened.
Recent actions regarding Tocks Island
Lake Project increase the urgency to
make choices among alternatives.

What has become evident, as a result of
the formulation of these regional pro-
grams, is that water source develop-
ment is urgently needed, and critical
decisions should be addressed im-
mediately.

Studies to date indicate that:

1. The Hudson River is a major
regional source essential for near-
term water supply needs for
Southeastern New York and
longer-term needs for Northern
New Jersey. The long lead time
necessary for project implemen-
tation, on a scale which will meet
the future needs of this area,
requires that choices be made
soon so that more detailed studies
relating to the manner in which
the Hudson River might be
developed can be initiated.

2 The Delaware River is a major
potential source. A choice must
be made concerning continued ex-
amination of plans to develop
water supply from the Delaware
River in view of the recommended
deauthorization of the Tocks
Island Lake Project.

3. |f the Delaware River is developed
to meet needs in northern New
Jersey in the early years, it will
still be necessary to utilize, ina
more limited way, the Hudson
River in the later decades. How-
ever, due to the complex issues
arising over the possible future use
of the Hudson for northern New
Jersey {e.g., institutional, environ-
mentdl), state and local entities
should soon address the choices
for utilizing the Hudson.

4. Delayed development of the Dela-
ware River will require that the
Hudson River be developed more
intensively in the near term for
northern Mew Jersey. This will
forestall the need to go to the
Delaware, but is not likely to
eliminate it.
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Feasibility analysis of the potential
sources indicates that there are several
ways to develop the Hudson to pro-
vide for the needs of the study area.
The alternatives include high-flow
skimming from the east or west banks
in the vicinity of Hyde Park-West Park;
river regulation by reservoirs and diver-
sion at Hyde Park-West Park; develop-
ment of the upper Hudson with reser-
voirs and tunnels supplying water by
gravity', or any combination of these.

The Mew York City water supply
system current use exceeds its safe
yield and needs additional water sup-
ply now to avert the risk of system
failure in the event of a drought.
Projections based on long term trends
indicate a 1980 deficit of 150 mgd for
the New York portion of the study
area.

If the development of the Hudson is
delayed, it may be necessary 1o use the
Long Island ground water aquifer to
rmeet the near-term needs of New Yark
City and Nassau County. Regardless of
which source is initially developed, the
Hudson must ultimately be developed
for long-range demands, since the yield
of the Long Island aguifer can only
meet short-term needs.

Further, the analysis shows that if the
Delaware is to be used as a significant
source for meeting the water supply
deficits in New Jersey, either the
Tocks lsland Lake Project must he
built or a number of smaller upstream
reservoirs will be necessary to provide
storage for downstream releases. Re-
leases would be made for New Jersey
and Pennsylvania users and to maintain
minimum flows in the River and into
the estuary. 1f this is done, then the
Delaware can be regulated to provide
up to 300 mad.
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The development of intra-state pro-
jects in conjunction with these major
inter-state sources will still be neces-
sary. Intra-state developments, while
usually smaller in scale, also require
early action because of the long lead
times usually associated with imple-
mentation of any project. In New
Jersey, for example, the Passaic Plan
{Two Bridges) can still be developed
for water supply. However, if the
development is to be timely, the
choice to include the water supply
component must be addressed very
soon. The implementation of industri-
al and domestic conservation to the
degree assumed in the projections also
reguires early action,

The following is a preliminary list of
potential projects that form the ele-
ments for the branches of the decision
tree.

Spruce Run-Round Valley — The yield
of the Raritan River could bhe in-
creased by 80 mgd through full use of
the existing Spruce Run and Round
Valley Reservoirs, the Hamden pump-
ing station and the force main to the
Round Valley. An improved outlet
from Round Valley Reservoir is being
built to make use of this additional
supply. Withdrawals for treatment and
transmission to areas of use can be
accomplished downstream at either
new or existing intake sites.

Confluence Reservoir — This project
has been considered by the State of
New Jersey as one element of a pro-
posed plan fo meet its water needs
through development of intra-state
sources. The plan, which has not been
officially adopted, is under study by
the state. The Confluence project
would include a one billion gallon
reservoir at the confluence of the
north and south branches of the
Raritan River, a pumping station at
the reservoir, and a force main to
Round Valley. The drainage area

above the proposed dam site totals 466
square miles. Of this, some 41 square
miles are already regulated by Spruce
Run Reservoir and an additional 106
square miles are tributary to the Ham-
den pumping station connected to
Round Valley Reservoir. Development
of the additional drainage area would
increase the upper Raritan River sys-
tem safe vield approximately 50 mgd.

Tocks Island Lake Project — (French-
town-Round Valley-Raritan River)
This project now recommended for
deauthorization would have used a
tentative allocation of 300 mgd to
New Jersey from the Tocks Island
Lake. Releases from the lake would
have bheen captured downstream by
diversion facilities at Frenchtown, con-
sisting of a 360 mad pumping station
and an aqueduct to Hamden. Portions
of the water could have been pumped
1o the Passaic River Basin, or would be
slowed to flow in the Raritan River
channel. Water could also have been
pumped to Round Valley from Ham-
den when necessary.

Defaware Diversion — {High-Flow-
Skimming to Round Valley) Delaware
River water would be diverted at
Erenchtown each vyear during SIX
months of high flows and stored in
Round Valley. The project would
operate to provide New Jersey with
100 mgd, in addition to that currently
available through the Delaware and
Raritan Canal. Arrangements would be
included for returning 40 mgd to the
Delaware during dry weather to com-
pensate for wet weather withdrawals.
The intake and pumping station at
Frenchtown, and the aqueduct to
Hamden would be similar to those for
the project described in the preceding
paragraph. A second force main to
Round Valley would be required, how-
aver. {This project could have pre-
ceded the Tocks Island Lake Project
and could have heen in effect, a first
stage development of the latter pro-
ject.)



Tocks Isiand Lake Project Exchange —
This project would have used New
Jersey's tentative allotment from the
Tocks lsland Lake project for Dela-
ware River control. As mandated by
the Supreme Court decision of 1954,
the New York City system must main-
tain Delaware River flows of 1130
mgd at Montague, New Jersey. In this
plan, New Jersey would not withdraw
its 300 mgd allocation of Delaware
River water from the Tocks Island
take Project but would aillow this
water to flow down river for flow
regulation. The New York City system
would be required to release from its
upstream reservoirs a maximum of 830
mgd rather than 1130 mgd in low flow
periods. The water thus retained in
upstream  reservoirs {approximately
300 mgd) would then be available 1o
meet the needs of northern New
Jersey as well as the New York City
systemn. For New York City there
would be no construction required.
Water could be delivered to northern
New Jersey by either of two alterna-
tives; a pipeline from Shaft 4 of the
Delaware Aqueduct to northern New
Jersey, or a tunnel from Kensico
Reservoir to Great Notch, New Jersey.

Two Bridges Reservoir — The State of
New Jersey has approved a compre-
hensive plan for flood control for the
Passaic River Basin, with the possible
inclusion of water supply and other
purposes, to include the construction
of a reservoir, a dry detention area,
and channel improvement, Water sup-
ply could be developed from a 26
billion gallon reservair to be located
near the confluence of the Pompton
and Passaic Rivers at Two Bridges. The
upper 7.5 feet would be used for flood
control and the balance for water
supply purposes, with an estimated
yield of 100 mgd, disregarding ground
water recharge. The reservoir would be
built with dikes to exciude poor
quality runoff from the upper Passaic
River in favor of better quality water
diverted by gravity from the Pompion
River.

An alternative to Two Bridges which
utilizes flows by pumped diversion
from the Ramapo, Pompton and
Passaic Rivers into the Wanaque Reser-
voir, would increase dependable safe
yield by 26 mgd to 80 mgd. This
optian is currently under consideration
by major purveyors in the area.

South Jersey Groundwater — South of
the fall line between Trenton and
Raritan Bay, New Jersey, the topogra-
phy is relatively flat, resting upon
coastal deposits dipping southeast into
the Atlantic Ocean. Wells tapping the
Cohansey and Kirkwood sand aquifers
in the coastal area produce large
guantities of water with the most
abundant supplies close to the ground
surface. Matural recharge of the coastal
aguifers averages 20 inches per year, or
0.1 mgd per square mile. While the
water ultimately may be needed for
cities and for industrial and agricultur-
at developments in southern New
Jersey, present demands are small. As
long as arrangements coutd be made to
meet future water needs as they devel-
oped in the southern part of the State,
the water could be exported advanta-
geously to more densely populated
regions in northeastern New Jersey.

Hudson River Development — Hudson
River water would be diverted during
high flows. An intake and pumping
station would be constructed to divert
water into the existing water supply
systems to supplement or replace
releases from existing reservoirs. This
procedure would maintain  higher
reservoir levels for use during periods
of low flow thereby increasing the safe
yield. The safe yield of the existing
NYWMA systems could be increased by
approximately 600 mgd without
additional upstream reservoir develop-
ment. Possible projects include:

1. Hudson-Ramapo Diversion —
Hudson River water would be diverted
to the Ramapo River to supplement

the Wanague supply to the North
Jersey District Water Supply Com-
mission and the Hackensack Water
Company. Water might also be pro-
vided to Orange and Rockland
Counties in New York. The project
would include an intake and pumping
station at West Park, New York
{opposite Hyde Park}, a 31-mile aque-
duct to the headwaters of the Ramapo
River at Harriman, a pumping station
at Pompton Lakes, and a force main to
Wanaque Reservoir. A filter plant pro-
posed by the North Jersey District
Water Supply Commission at Wanaque
would have to be enlarged to take care
of the greater output. Except for seven
miles of tunnel under Newburgh, the
West Park-Harriman Agqueduct could
be cut-and-cover construction.

2. Hudson Diversion-Hyde Park —
Water would be diverted and treated in
the vicinity of Hyde Park. The water
supply  facilities would include a
5O-mile tunnel 20 feet in diameter to
Kensico Reservoir, one of New York
City’s reservoirs in Westchester
County. The pumping stations and
treatment facilities could be built in
stages as needed, but the intake and
tunnel would be constructed to ulti-
mate capacity. Beyond the year 2000,
Hinckley Reservoir could be enlarged
and Schaghticoke Reservoir could be
added to provide an increased yield.
The existing Sacandaga Reservoir
power pool could also be reregulated
to increase yield or to decrease the
rate of high flow diversion. Such up-
stream developments can increase safe
yield up to approximately 1500 mgd.
Requirements for Dutchess and Put-
nam Counties could be diverted en-
route. MNassau and Westchester
Counties would be supplied from the
City system. WNorthern New Jersey
could be supplied using a 12-foot
diameter tunnel from Kensico Reser-
voir.

3. Hudson Diversion-West Park —
Water would be diverted and a water
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supply treatment plant would be built
in stages on the west side of the
Hudson River at West Park. Water
would be pumped from the plant
through a 15-mile, 20-foot diameter
tunnel to the point west of Pough-
keepsie where New York City’s Dela-
ware and Catskill aqueducts cross at
Shaft 4.

Water for New York counties would
be transmitted by tunnel on the West
Bank to the vicinity of Spring Valley
in Rockland County and thence under
the Hudson River to the Kensico
Reservoir and the New York City
system, Requirements for Ulster,
Orange and Rockland Counties could
be diverted enroute. Nassau and West-
chester Counties would be supplied
from the City system. Water for New
Jersey could be provided via pipeline
from the Shaft 4 area or by connec-
tion to the tunnel in Rockland
County. The project would be
operated as a high flow diversion until
water needs exceeded its yield. Then
after the vyear 2000, upstream res-
ervoirs such as an expanded Hinckley
Reservoir or Schaghticoke Reservoir
could regulate flows to enable a year
round diversion of Hudson flows. The
existing Sacandaga Reservoir power
pool could also be reregulated to
increase yield or to decrease the rate
of high flow diversion. A connection
to Ashokan Reservoir from the tunnel
could be added to increase yield and
operational flexibility, With the
addition of the Ashokan Reservoir
connaction, the Catskill Aqueduct and
the lower portion of the Delaware
Aqueduct wouid be looped, allowing
portions to be shutdown for repair or
maintenance. Yields for this project
range up to approximately 1500 mgd
with upstream development.

4. Hudson
Development —

Gravity Agueduct
Water would be

44

diverted and a treatment plant and
pumping station would be built at
Hyde Park or West Park connected by
a tunnel to Kensico Reservoir, as
described above. Beyond the vyear
2000, Hinckley Reservoir could be
expanded and new reservoirs construc-
ted at Forestport and McKeever in the
Black River Basin, which drains into
Lake Ontario. These sources would be
linked by tunnels and connected to
Kensice Reservoir by a 175-mile
gravity flow tunnel providing up to
approximately 1500 mgd in increased
safe yield. This gravity tunnel would
connect with Ashokan Reservoir
{looping the Catskill Aqueduct) and
would pass through Hyde Park or West
Park where the initial high flow diver-
sion pumping station would have been
located. New Jersey’s needs would be
met with a 12-foot diameter tunnel,

Trap Falls Reservoir — (Lower Housa-
tonic River Diversion to Trap Falls.)
This project would be a run of the
river diversion of 40 mgd from the
Housatonic River. The project would
firm up the New Haven Water
Company and Bridgeport Hydraulic
Company systems, thus enabling them
to transfer water from existing sources
to adjacent systems in Western Con-
necticut.

Housatonic River Development — The
Housatonic Basin could provide 160
mgd by converting existing power
generation storage to water supply.
The top 10 feet of storage in Candle-
wood Lake and the top 50 feet of
storage in Lake Lillinonah would be
used for water supply releases rather
than for power generation as in the
past.

Safe yield from the Housatonic Basin
could further be increased by about

320 mgd through construction of
additional storage reservoirs above
Lake Housatonic, such as Robbins No.
2 at Falls Village, Connecticut and
Konkapot No. 2 near Housatonic, Mas-
sachusetts.

Connecticut River Development —
This project is a run of the river
diversion which would deliver 90 mgd
through a pipeline from the Con-
necticut River at Middletown, Con-
necticut, to MNew Haven following
treatment at Middletown. Upstream
storage of 16 billion galions would be
required.

Long fstand Exchange — This project
proposes that during normal, non-
drought years, Long lsland would be
partially supplied by the surplus of the
Mew York City system. This would
permit natural recharge of the Long
Island aquifer, with minimal pumping
from the aqdifer during normal and
wet years. During dry periods, 150
mgd of Long Island groundwater
would be furnished to New York City,
and Nassau County over and above the
requirements of Suffolk County com-
munities. However, Suffolk’s needs
around 2020 will have increased to the
point where this project would have to
be phased out as a regional source.

Long lIsland Total Resource Manage-
ment Program — This project is a
water resource management program
which combines technigues such as
water conservation devices and meth-
ods; recharge of treated wastewater 1o
the aquifer through wells, basins, and
spray irrigation of farmlands; recircula-
tion devices: and surface water aug-
mentation {lakes and streams) with



treated wastewater. These devices
under a carefully defined and co-
ordinated program would meet the
needs of Nassau and Suffolk Counties
through wise use of internal resources
or in combination with outside sources
such as the Hudson River projects.

There are many technological un-
certainties that must be resolved
before these methods could be im-
piemented. For example, the Corps of
Engineers and the New York State
Energy and Research Development
Authority are engaged in a joint study
to develop a program that would
demonstrate the integration of water
supply, wastewater management,
power generation and land use control.
One aspect of this investigation ad-
dresses the efficiencies and tech-
nologies related to application of
treated wastewaters via land applica-
tion systems to ultimately perfect
groundwater recharge technigues. The
construction of thousands of storm-
water recharge basins throughout Long
Island by Nassau and Suffolk Counties
constitutes the beginning of such a
total Resource Management program.

Metering — The implementation of
universal metering in New York City
over the period 1980-2000 might lead
to a saving of an estimated 125 mgd
by 2020. This yield, however, is not
certain. Consequently, a metering
demonstration project is advisable
hefore the yield of a full scale project
is established.

State Plans — The Connecticut Plan of
Conservation and Development con-

tains policies and project proposals
specifically pertaining to water supply.
The Plan consists of numerous
localized groundwater and surface pro-
jects. The following conistraints were
used by the State to determine suit-
able projects:

1. No streams were zonsidered for
water supply which had sewage
discharges within the watershed.

2. No major relocations

allowed.

were

By the year 2020, the State Plan will
provide an additional 172 mgd to
Connecticut’s water supply. Of this
172 mgd, approximately 44 mgd will
come from groundwater development
and the remainder from surface proj-
ects. While there are over a dozen
surface projects, four will supply the
bulk of water. The diversion of the
Shepaug River in Roxbury will supply
52 mgd, the Trumbull Dam of the
Poquonock River wil add 6.5 magd, the
expansion of facilities at Lake Whitney
will further add 15 mgd and the
NYMA portion of the State will re-
ceive 13 mgd fram the West Aspetuck
River.

Policies necessary to implement this
plan include preservation of future
reservoir sites, management of water-
sheds to protect water quality at those
sites, continuing to prohibit direct
waste discharges into streams tributary
to public water supplies and con-
tinuing to disallow the building of
water supply facilities which would he
fed by wastewater receiving streams.

NEWS projects for the Connecticut
portions of the NYMA indicate a
greater demand than that upon which
the Connecticut State Plan is based.
Should these demands materialize the
Connecticut plan would need to be
modified.

As discussed in connection with
Round Valley and Confluence Pro-
jects, the State of New Jersey is
considering a plan to meet its future
needs through intensive development
of instate sources. A plan, which has
not been officially adopted at this
time, includes increased intercon-
nections among local systems, in-
direct use of treated wastewater,
further development in the Raritan
and Passaic River Basins, and devel-
opment in the Manasquan River Basin.
Projects include Six Mile Run and
Washington Valley Reservoirs and ex-
pansion of the existing Round Valley
Reservoir. Other possibilities include
increasing the capacity of the Delaware
and Raritan Canal and highflow skim-
ming of the Passaic River at Two
Bridges into Wanaque Reservoir.

For long-term needs the State will also
require water from amaong the follow-
ing alternatives: alternative Delaware
River developments; groundwater in
southern New Jersey; or water from
the Hudson River.

The Temporary State Commission on
the Water Supply Needs of South-
eastern New York has submitted its
final report with legislative and pro-
gram recommendations to the Gover-
nor and Lesislature of the State of
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New York. The Commission recom-
mends that a regional corporation take
over existing regional water supply
facilities, devetop new facilities and
operate these in an integrated manner,
and limit source development to the
Hudson River Basin. As an alternative
to a regional corporation, the Commis-
sion recommended the creation of a
State water supply agency. This
agency would be limited only to new
source development in the Hudson
River Basin, and would preferably
lease operating responsibilities to New
York City to integrate regional
facilities.

The only specific project proposal is
for high-flow skimming with a pump-
ing station at Hyde Park and a tunnel
to Kensico Reservoir operated to pro-
vide a vield of 280 mgd. Any further
development would be contingent
upon universal metering in South-
eastern New York, particularly in New
York City. Any additional source
development would require specific
legislative authorization,

The plans for New York and MNew
Jersey are not included as separate
decision tree branches because they
are not official. However, elements of
the plans are included in combination
with other projects. Should these plans
be officially adopted, they will be
included in their entirety in future
planning.
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DECISION TREE DEVELOPMENT

There are several key factors that
determine a project’s selection or
omission for a particular branch on the
Decision Tree. In some cases, the
selection of one project on a branch
may prectude another passible project
because of the development or use of
common sources of supply or trans-
mission facilities.

e Praject constraints.

Many of the listed projects would use
the same sources or transmission sys-
tems and, consequently, some projects
could not be included together in the
same regional programs or possibly in
the same time frame of a regional
orogram. For instance, yields for hoth
the Tocks Island Lake Project with a
diversion at Frenchtown and Tocks
Island Lake Project Exchange would
depend on the 300 mgd that could
have been available from the Tocks
Island Lake Project. The nature of the
Tocks lsland Lake Project Exchange
would be to eventually phase out the
exchange as New Jersey demand in-
creases leaving the Tocks lsland Lake
Project for later time frames.

Another instance includes the Deia-
ware Diversion which would be a
high-flow skimming project located
downstream of the Tocks Island Lake
Project site. The Delaware Diversion
could be built to skim high-flows and
would be a comptete project in itself.
But if the Tocks Island Lake Project
were to be built, the Delaware
Diversion would be discontinued since
most of the high-fiows would he im-
pounded by Tocks Island Lake. The
Delaware Diversion, however, could be

built and used until that time as the
Frenchtown diversion facilities and
transmission line are also components
of the Tocks Island Lake Project.

There is also the case of Delaware
Diversion and Confluence Reservoir
where both projects use the same stor-
age capacity in Round Valley Reser-
voir, and either project would preclude
use of the other. The Tocks Island
Lake Project Exchange would not be
feasible with any of the Hudson River
high-flow skimming stages because the
high-flow skimming and the Delaware
Diversion both utilize excess capacity
of the New York City system ague-
ducts to provide additional water sup-
ply vield. However, the Tocks Island
Lake Project Exchange could precede
the Hudson River high-flow diversion.

s Implementation time,

Time for building projects is related to
the size of the job, the number of
operations that can be carried out
simultaneously, and the price one is
willing to pay for speed.

The time required for public approval,
funding, and acquisition of land is an
additional consideration.

Many of the projects may require the
formation of an interstate or intercom-
munity agreement that may require
additional time.

Table 7-3 indicates the earliest time
that these projects could be delivering
walker.



DECISION TIMING

The timing involved for implement-
ation of each project is an important
factor which must be considered when
projects are selected for inclusion in a
plan. The schedules of implementation
shown in Figure 7-2 are for the early
action projects in each branch of the
Decision Tree or others that require
special consideration because of long
lead times or technical uncertainty.
Figure 7-2 illustrates the point in time
at which decisions should have been
made to overcome the current deficit
and to reduce the risk of shortages in
the early time frame. Some decisions
have already been made on Round
Valiey and Confluence but for the
remaining projects the time has past
when initial decisions should bave
been made. This means that the region
will experience the risk of water sup-
ply shortage for a number of years.

Demand management or restrictions
programs would have to be imple-
mented entirely by local government,

Spruce Run-Round Valley is the first
project on all Branches. This project
consists of the construction of a pipe-
line, reservoir outlet pipe and facility
to make better use of available existing
storage. It is currently under construc-
tion and will require about two years
to become operational. The major
issue was funding and institutional

arrangements. It requires primarily
State, local and utility decision
making.

Confluence Reservoir is one of the
first projects in Branches 1 and 2. It
involves construction of the Con-
fluence Reservoir on the Raritan
River. This requires Federal, State,
local and utility decisions. However,
the lead-time is not as great as for

other reservoirs since the State of New
Jersey has acquired the land and
developed preliminary design drawings
for the reservoir. It may not be
possible to bring this project on line
by 1980; however, it could be opera-
tional shortly after 1980, and restric-
tions on use could be imposed until it
becomes operational.

The Delaware Diversion is one of the
first projects on Branches 3, 4 and 5.
1t is a high-flow skimming project on

the Delaware River, which will require
a lead-time of about 6-7 years. It will
not necessitate any new storage con-
struction; only an intake and pumping
by pipeline to the Spruce Run-Round
Valley System. This project would
require Federal, State, local and Dela-
ware River Basin Commission
approval. It is too late to implement
this project in time to reduce the risk
of shortage by 1980, aithough it can
be operational shortly thereafter and
restrictions can be used until then.

TABLE 7-3
PROJECT IMPLEMENTATION POTENTIAL — NYMA

Project

Round Valley

Confluence

Tocks Island Lake Project

Delaware Diversion

Tocks Island Lake Project Exchange
Two Bridges

South Jersey Groundwater

Hudson Ramapo Diversion

Hudson River High Flow Diversion {1}
Hudson River High Flow Diversion {2)
Trap Falls

Housatonic River Development (1)
Housatonic River Development {2)
Connecticut

Long lsland Exchange

Total Resource

present-1985 by year 2000 by year 2020

X X X
X X X
X X
X X X
X X
X X
X X X
X X X
X X X
X X
X X X
X X h4
X X
X X X
X X {3
X X

Metering — Project may be implemented in earlier time frames but effect will not

be realized until year 2020.

(1) Initial stage.
(2) Later stages.

(3} This project will not operate beyond year 2020.
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1970

1975

1980 1985 1990

ROUND VALLEY

CONFLUENCE

DELAWARE DIVERSION

HUDOSON DEVELOPMENT

CONN. STATE PLAN

CONNECTICUT

LONG-ISLAND EXCHANGE

LEGEND
A LOCAL, STATE, FEDERAL APPROVAL
B FUNDING FOR ENGINEERING DESIGN
C FUNDING FOR CONSTRUCTION
* PROJECT ON LINE
** NOTE THAT MANY DECISIONS APPEAR
LONG OVERDUE

FIGURE 7-2. DECISION TIMING FOR INITIAL PROJECTS**—NYMA

Hudson River High Flow Diversion is
one of the first projects on Branches 1,
3 and 5. Required lead time depends
upon_ the solution of complex institu-
tional problems. These problems will
arise in any attempt to utilize the
Hudson River for water supply
whether for New York, New Jersey or
both. However, part of the initial
phase of this project could be opera-
tional by the early 1980 if it is
feasible to utilize a connection from
West Park to Shaft 4 of New York
City’s Delaware Aqueduct as a first
step. |f this proves unfeasible, the
additional jead time reflected in Figure
7-2 will be required. Implementation
will require Federal, State and local
decisions and agreements.

The Connecticut State Plan is the
preferred plan for development by the
State of Connecticut. It is one of the
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first projects on Branches 3, 4 and b.
This plan involves groundwater devel-
opment and several smaller reservoir
developments. It is estimated that in
order to implement the first series of
projects in the Connecticut State Plan,
it will require about 8 to 10 years of
lead time. As in the case of the
Hudson Gravity Aqueduct plan, the
decision making will primarily be with
State, tocal and utility groups. It is too
late to make decisions to implement
this project in time to meet 1980
needs although the initial projects
could be operational shortly there-
after.

Connecticut River project is a diver-
sion of the Connscticut River. It is one
of the first projects on Branch 3. This
diversion could be operational within
an 8 to 10 year period. The project
would require Federal, State, local and
utility agreement before construction

could begin. There are several diffi-
culties inherent in this project, includ-
ing the fact that there is no available
storage in the area, and that the use of
the Connecticut River as a water sup-
ply source is contrary to State policy.
It is too late to make decisions to
implement this project in time to
acceptably reduce the risk of shortage
by 1980, although it could be
operational shortly thereafter,

Long lIstand Exchange is a two-way
exchange of water between Long
Island and New York City. This pro-
ject involves the construction of trans-
mission facilities from Suffolk to New
York City and back. The two-way
exchange would require Federal, State
and local decision for implementation
10 occur. It is estimated that the lead
time for construction of the project is
9 to 10 vyears. Again a majority of the
time would go to securing the neces-
sary agreements and funding. Al-
though it cannot he operational in
time to acceptably reduce the risk of
shortage by 1980 it can be operational
shortly thereafter.

PLANNING ASSUMPTIONS

The following assumptions were made
to formulate the alternative programs
shown on the Decision Tree:

1. Local supplies would be devel-
oped to the level indicated in
Table 7-2.

2. Remaining deficits would be sup-
plied by regional programs.

3. Demand reduction was not as-
sumed through use restrictions in
the absence of specific locally
adopted means to implement such
restrictions.

4. Industrial water use was assumed
to decrease per unit of industrial
output to one-half the 1970 level




by 2020 because of improved re-
circulation rates.

Project physical characteristics (sur-
face area, drawdown, etc.} and services
{water supply, flood control, recrea-
tion, etc.) were related to economic,
social, environmental and institutional
impacts at both the local and regional
levels. Assumptions were made regard-
ing the importance of local project
impacts to the region as a whole, to
determine how each of these impacts
affected the various desired regional
objectives selected for the regional
programs on the Decision Tree to best
achieve those particular mixed objec-
tives, as well as to meet the water
supply needs of the region. Reports
presenting details of this process are

described in the Annotated

Bibliography.

COSTS AND CASH FLOW

Local expenditure and cost data have
been developed and are displayed for
decision tree branches 1 through 5.
These data demonstrate the financial
sensitivity of program and user costs
to local and extra local funding source
assumptions. Comparison of estimated
annual local expenditures through
2020 for both amortized capital con-
struction costs and operation, main-
tenance and repair costs shows it to be
less expensive to use extra locat fund-
ing during the 50 vyear period
{1970-2020) of analysis. This analysis
was based upon the assumption that

the 1958 Water Supply Act may be
applied to obtain extra local funding.
It includes a 'ower interest rate and a
longer pay-back period, resulting in
smaller annual payments, as well as an
initial period of up to ten years during
which no debt service payments are
made and no interest is accrued. How-
ever, since in all cases local expendi-
tures extend beyond 2020, total pro-
gram expenditures are slightly greater,
fess than 1%, with extra local funding.
Estimated cost per mgd of safe yield
for 1980, 2000 and 2020 is higher for
iocal funding because it has been
calculated on the basis of a 10%
reserve on debt service which s
typically required by investment
bankers on municipally funded proj-
ects.
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FIGURE 7-2 DECISION THEE — NYMA PROJECTS OBJECTIVES
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BRAMCH NUMBER QOMNME — A pro
g designed for dhe (eail cosr oo
pive ax well 83 water sepolp

This hrancis of the decision weg e
flects the desicg of loaal interests to
miect water nesds an the lzast possible
monctary cost to the region and the
Mation. Projests wwere chosen for the
first hranch o mest the dernand for
wenter with the sole additianal objes
sioe ol least financial cost based oo
Iepist annual cost per millicn gatloens,
disragarding &1l other corsiderations.

Program Descriptlon

1980 — Spruce Run-FRound  Wallay
would  prowide  dew  Jersey
with B0 mgd a1 a o241 with
lacal  funding of 5198 per
million gallons  Imgy Cone
fluence Raservoir wodld comme
an e weish B0 mgd for S
Joizay st a cost of B60G per
mig High lew skimming from

tive  Hucdsun at West  Park
would provwide MNew Yok sl
300 rmgd at g cost of 5492 per
rig. DHwersion of the Housa-
tonic 1o Trep Falls Resarsoir
wiodld  provide  Connecticut
with A0 mgd a1 a cost of 5254
FCT

2000 — Tecks  Island Lake Project
wiauld  prowica New  Jersey
weith 300 regd a1t a oost of
33 par g Conracticut
sl get 200 rregd, at acost of
S163 per g, from revemuls
tion of Housatonic power ros-
aryoirs, This project will meet
the Conampcticut  stedy  area
rmeeds  through 20200 Mew
¥ork's needs far this time
period would he met by oa
total diversion of BOO0 mgd
from tha Hudson at Wast Park
at o cost of B58E per mg.

PROJECT DATA FOR BRANCH 1#%

Millian Dalles Per ¥ea

2020 — Metering of watar ue in Mew
York City would provide 3
dermand  reduction ol about
125 rgd at & cost of S297 per
mg. Furthar development of
the West Park project would
add GO0 mgd for Mew Jersey
and Mewr York a1 a cost of
5376 per mn,
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BRAMNCH MUMBER TWO - A are-
gram desigeed fo satishy Hie objsotives
af cowt, evieiconmental guality, and
rogional focws, a5 well as providing

WA IRT SLEpy.

Branch 2 is dasigred far & complicated
spr of additional objectives, The mix
reflects the desire of local officials o
reet the demand for water at reason-
able monetary and  nOn-ManeEny
costs, using projects having a poditive
impset on the eaviconment of bath the
source and wser areas, and rmaking the

most qengraphically efficient use of
resources. The practical attainment of
this mix of regional objectives i diffi-

cult and inecdves many tradeaffs.

Pragram Dwscription

1980 -As with the previous branch,
this branch beging with the wse
nf Spruce Aun-Bound Yalley

ULTIMATE
SAFE WD,  CAFTAL COST®
FROUECT MED S MILLIONS

ROUND VALLEY &l 23.00
CONFLUENGE 50 E3.57
HUDSOR RIVERA 1150 155,79
HOUSATONIC k1] 110.73
TRAP FALLS an 1,56
TOEKES I3, np ama.a8
LI EXCHANGE 150 315,50
TOTAL LL 1] 35740
RESOURCES MOT.

TOTAL 1520 230408

AT COMPFLLTION
""ALL FIGURES IN 1974 DOLLARS
=LA EXCHANGE OFF LINE BY 2020

in Mew Jarsey providing B0
mgd. This projact would he
follewed by Confluence Res
ervoir providing Mew Jersey
with an additional B0 mgd.
For the Mew York ares, the
Lang Island Exchamge Project
would go oon line with up 1@
160 mpd, In this project Lang
bslamd would be partially sug-
plied by the Mew Yoark City
system  during  non-grought
wioars, Mowsver, during  dry
pericds, Long lsland growared:
water weould e furnished m
Massa County and Meaew York
City. For  Connesticut, a
diversion Trom tha Hewsatonic
to Trap Falls would prowics

400 migd.

2000 — Housatonic River Power Fas-
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EMILLIONE

1.1

12.76

fa.i6

oz

813

arvoirs would satisty Connegt-
jout demareds Tor 2000 and

PROJECT DATA FOR BRANCH 2**

Mdlice Dellars Per ‘fear

thr-:.'-ugh the year 2000, &
regional project, the Hudson
diversion at Hyde Park would
supply the Bew Jarsey-Mew
York City Metropaolitan Areas
with GO0 mgd,

CAFITAL REQUIREMENTS
ORAMNCH 2

EREEE

LLS

[T 00 A0 HGE
YEAHS

LOCAL EXPENDITURES 1§ MILLIONE!

THEDUGH 1530 THROUGH 200D THRED UEH 2020

CONMNECTED™ EXTRA EXTRA EXTRA
LoaAD LocaL LocaL LOcAL LOCalL LOCAL LOEAL

L FUKDIKG FUKDING FURDIWG FURDING FURDIBE  FUNDING
6Aad 134 52 12,6 1088 249 ey
1THM FEA] ] 3z 15E.E L4 21513
1850 1 ] Hble 9818 anaz EREFE
26340 1 ¥ i L ] 8.9 193.1
6A18 1.0 i E5.6 1.3 13E.1 1235
616 1 1 #Ha 1 EILT A
k0 1084 o 40 535.0 13783 15118
26, BEG 1 1 1] 1} mLe 5484
2y 1874 444 T 186E.T BI7EY §146.4

020 — The release ol water fram the
Tocks Islared Lake Project for
diversion at  Frenchiown
wepuld  provide 200 mgd for
Mew Jersay. Further devel-
oppmant of the Hudson
diversion at Hyde Park would
provide BB0 mgd for Mew
York and Mew Jdersey. The
Leaw lsland Exchanoe project
would be phased out a5 a
regonal projest by this time,
a3 Long Island’s lomal demands
grosy ton large fo permit the
axport of its water alsewhera,
Howoover, the posahility ol
supniementing Loy Iglard's
water through & canneclion 1w
the Hmdson diversion via the
Mew York Cliy systern would
exisl. Total Resource Manaqga-
ment on Lonm lsland, which
ray wield upto 100 mod, may

mifiimize Fa need o raly on
water from 1he Mewsw York City
Eystem.

Program Ratioasale

The projects in Branch 2 minimizs
poditical, indtitutional and fiscad im-
Pacts r'|'|ir'|ir'r'|i.zir|g inferstate trarsfors of
watar in the mear-term, vet providing
for the afficlent us of regiona! sources
in the long-teirm. This branch alse
minimizes ervironmental impaces and
costs of construction and ocecatian
through the use of existing reservoirs.

This branch relies initially on instate
sources, However, as the region cone
tinues its growth, it will be necessary
tor the relativaly weter scarce areas to
cross state lines to qget watar by tha
wear 2000, The Huwedson River
d e sian suppdement with the Hinck-

Ipy  Reservoir expansion has  been
anahyred as bringing positive environe
mental and eoonomic effects. This
coupled with high-flow skimming on
the Delawware, will pifectively mest the
damands of thea area through 2000, In
2020, the potential develepment o
the Hudeon would oostinoe  wilks
further usa of the Hudson Civersion
project, supplarmentsd by UpsIream
resereolrs.

DISTRIBUTION OF EXPENDITURES FOR BRANCH 2
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ADDITIONAL SUPPLY DEMAND VS. TIME
BRANCH 3
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BAANCH MUMBER THREE — A pro-
graen desigmed to aiEy e abgotives
af snwirarental guality and  fex)-
Iwtizy, Az vl a5 providing weter
ooy,

The projects selected for Branch 3
meat the demand for water while
cormplemanting envirgmmental guality
and exhihiting flexibility 1o sccomnie-
date possible shifes in location ar level
of Tuture water dernands, Additlonal
costs are  incurred to oltain chese
Gualilies.

Program Drescription

1980 — Az with the twa previous
hranches, the Ffirst project i
the Spruce Fun-Round Walley
systormn prowiding 80 mgd for
Mawe Jerseyr., Soother 100 mgd
wiguld he provided to Mews
Jersey  through the Delswasre
River diversion 1 HRound

Wallay during perinds of high-
flowsr. Miw Yark would mest
s water demands weith Hud:
son Righ-flawr  skimming gt
Wast Park. This project in its
initial s1ages would supgly the
City with 300 mgd. Connecti.
cut would mest its demand
for an additional 90 mgd by a
diversion of the Connacticur
Riwer at Middletown. This pro-
ject would require wpstream
storage to maeet minimurm flow
rBguirements.

2000 — Further develogmendt, includ-
ing a link 1o Ashokan Reser-
woir frorm the Hodsan at West
Park, woould supply hoth Mew
Jersey and Maw York with an
additional GO0 mgd. It would
includs  sxpansion  of the
Hinckipy Beceryoir and trans
fer of watar to Mew Jarsay,

PROJECT DATA FOR BRANCH 3**

Conmegticut's dermand for an
additional 180 rsgd would be
met by the reregulation of the
Housatonic River power resar.
Wairs.

2020 — The final stages of the Hudson
diversion at West Park weill

CAPITAL AEQUIAEMENTS
BRANCH 3

¥ FE E¥ ¥

Kilkan Dallet Per Year

supply  Mew York and Blew
Jorsey with an additional 465
moel. Mew York City"s demand
for another 125 mgd would be
aliminated by 1he I:I:FI'ﬂFI‘EI‘-IDI'I
of  universal r'I"lElE'I'EI"Iﬂ in the
city.

Program Hationale

The projects in Branch 3 hawve twe
distinct characteristics. They are flexi-
ble with regard ta yield levels and do
nel peduire a large irreversible invest-
rrent decision early in the planning
period.  Ewaluation has shown they
either SUsLain o iIMprove ™Ma environ-
rmenl of Lhe area in which they would
ke located as well as the region as &
wihiole.

The Spruce RBun-Found YWalley prajeact
requiras only a five mile long pipeline,
and 1he other thres projects reguine
diversion of tha Connacticut F:i'.relnr and

high flow skimrming af the Hudson and
Dol aware Rivers.

For the wear 2000, an expamion of
Hinckley Ressrvolr and the Hudson
Criversion project sither enchanca or
minimize environmental impact while
als0 beirg flexible, The reregulation of
existing power reservoirs in Connect-
ot also meets the sdditional objec-
tives.

Expansion of Hinckley will aliminate
tha ourrent severe drasedorils provid-
ing improved recreational opportuni-
ties in that area, irmproving the enwi-
ronment, It will also ienprove the lacal
eponomy by providing jobs, The rereg
ulation of the existing powar TesErvGirs
in Connecticut has  3ome  enviren-
mental  drawbacks, partigularly  the
advierse effect on some recreational
activity. 1t does, howvever, guoid ried
construction swhila rmeesting the tlexi-
hility ohjective.

The last two peojects for the 200
dermand again minimize the develop-
rrent of new projects and transmlssion
facilities. The metering prejact may
reduce demands and the exiension of
the Hudson River praject oy additien
al upstream impoundment will provide
the additional water demand, Brcause
of the nature of the projects, they will
not hove major adwerss impa:cts on the
erwircnrvent and will provide the fiexl-
bility to develosp only o the lavel
necesary 1o mest demands.

DISTRIBUTION OF EXPENDITURES FOR BRANCH 3
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ADDITIONAL SUPPLY DEMAND V3. TIME CUMULATIVE EXPENDITURES FOR BRANCH 4
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ERAMGCH MUMBER FOUR — 4 pro-
gram desigaes o sy e obestives
of enpvironmenia’ guality and ragianal
focus, as owell as rowoing  websr
SUDE.

Branch 4 conteins  projects which
maka tha most efficient use of water
SOUNCRS OWer @ given oemgraphic arca
wihile minimizing negative impacts on
the envirgnment, Smaller, local pro-
jects, which are emvironmentally lass
disruptive than large construction pro-
jects, are developed in & regionally
efficiant manner o maet near arm
reads. During later time frames, how-
evar, larger ragional sources would
hawe to e tapped, hut loss extensivaly
due 1 Total Resource Managerment on
Long Islard and the metaring of Mes
York City.

Program Deseriplion

1980 —\With the Sproce Run-Round
Walley project supplying Mee

Jersey with B0 mgd, high flow
skimming of the Delawars will
provide an additienal 100 mgd
far the State, Mew York can
add up to 150 rmgd to its
supply by irmplemanting the
Long Island Exchangs Project.
Connecticut will meet its addi-
tional demands through 2020
with its State Plan .

2000 — The Hudson Diversion at West
Park coupled with the Hinck-
ley  Beseryoir cxpansion will
meet demands in Bew Jersey
and Mew York with 500 gl
Mew Jersey's dernand for an
additiornal 100 rmgd woeuld be
met by developrment of the
Two Bridges project In tha
Pazsaic River Basln.

FIH) — Further development of the

Hudzon diversion at West Fark
would upply Mow York and

PROJECT DATA FOR BRANCH 4**

Maw Jersey with B55 mod,
The Long lsland Esxchange
projest, which had contribut
ed up to 150 mgd, would no
lgrger  be  available.  Total
Resource  Managemant  on
Lang Isleand would provide up
ta 100 mgd and metering in
Mew York City would raducs
dermpnds by as much & 1256
migel.

CAPITAL REOUIREMENTS
BRAANCH 4

3
2
:
-

L
YEARE

Program Rationals

The enwironmental impacts of the pro-
jects and the different types of in-
duced alterations in the «congmic,
demegraghic and social characteristics
of the region, invalee fairly little dis
ruption up 1@ the yepr 2000 because
tiney o Aot inualee lange construction
projects. Rathar they invalve high flow
skimiming withour resaiveirs in both
tha Delawars and the Hudson and the

wie of the Connecticut State Plan for
Conservation and Dewelopment, & plan
that reflects a strong concern for
erviranmental quality.

The early davelopment of local sources
poatpones the need to negotiate for
the interstate transfer of warer. Exbst
ing institutional arrargerments waould
have to be altered sormewhat 19 pro-
vide for the interstate wansfer of

water, Howeever, interstate  transfers
become a necessity only after the year
2000 becmuse Mew Jersey would be
driable to meet its demands after that
wear witheal luming o the Hudson
River for supplies. At that paint,
develogrment o wipplement  Lhe
already existing high fleww skimtming
project with an opstream impound
ment may be peedad 1o incresse (s
wiald,

DISTRIBUTION OF EXPENDITURES FOR BRANCH 4
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ADDITIONAL SUPPLY DERMAND VS, TIME CUMULATIVE EXPENDITURES FOR BRANCH 5
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ERAMCH MUMBER FIVE — A oro-
aram dergmed fo salisly e obfotives
of ragiona! foous ano refiabifity, a5 reall
S5 PrOVIGTT Water SUmmy

This Branch favors regions focus aed
raliability of operation, Too somes
extent, these additional  ohjectiveg
complerment sach other, but at the
expanse of failing 1o minimize coss
a1 adverse environmantal mpgecis,

Program Deseription

1980 - In Mew Jersey the full utiliza-
tinn of the Spruce Run-Raeund
Walley wystem will prowide B0
rrgel and high-flone skinuming
of the Delawars, will vield an
sdditional 100 md. M
¥k will begin major devalop:
ment of a gravity systam for
the uppar Hudsan River Basin,

000 -

Thiz praject will initizlly in
clude high-Tlaw skimming for
00 mgd a1 Hyde Park with a
tunnel  from Hyde Park 1o
Kensicn  Reserenir, which iz
part- of the present MYC water
supply  systern,  Connecticet
will meet its additional de-
mands throuwgh 2020 with its
Cannecticut State Plan.

Further dewclopment of the
qrantity systemn will continwe in
the upper Hudson with the
axpansion of Hinckley Resor
vair and the devalopmaent of
the Forestpart-Mokesver sites,
A munngl linking Hyde Park via
Ashokan Resarvair would pro-
wide for an ackditional S00
mgd. ransported wia gravity
flovws otk WY system,

PROJECT DATA FOR BRANCH 5**

Mllizn Dalkazx Par Vear

Some of this water would be
wtilizad 1o meer the needs of
nprthern Mews Jersey. Mew Jor-
sey wiswld gain a0 addional
100 rmgd by developrmant  of
Twiz Brickges Reservoir in the
Passaic Basin.

CAPITAL REQMREMENTS
BRANCH 5

YEARS

2020 — Further development of the
Hudson grawity system caolls
for an additional reseErecir o
prowide 500 mgd  lor Rew
dersey and Maw York. beter-
ing ol Maw York City would
reciuce damand by 125 mgd.

Program Rationals

This branch includes elements of tha
proposed State Plans for Mew Jersey
and  Connecticut  which  emphasiz
regionally efficient water sapply dewsl-

apmaEnt within state boewndaries as lar
as possinle. By the turn of the cantury,
hioweyer, uie ol the Huodson by MNew
Jersey becomeas unavoidable.

aystern relialality is provided throug
conjunctiva developrnent of the Hud-
san by combirting high-flaw sximming
with the direst tunnel from Hinckley
Reservair. This allows for the maxi-
mum  hydrologic use of the Hudmon
Basin, and prowides tewoe independant
paths for the transmission of water 1o

the metropalitan area. One of 1hese
dlternative paths, the twnnel weould
mot be depencent on the availabilcy of
electricay 1o oparate pumps, making
tha water wipply system more relialle
during periods ol critical power de
mands, whish often  ooincide  with
peak water dernands. In addition, the
higher quality of the water obtained
directly frorm Hinckley, wefich reguines
less treatment, as compared Lo wester
withdrawn at Hyde Park, orowides
more religble water qualivy.

DISTRIBUTION OF EXPENDITURES FOR BRANCH &
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CHAPTER 8
EASTERN MASSACHUSETTS-
RHODE ISLAND

METROPOLITAN AREA







CHAPTER 8: EASTERN MASSACHUSETTS-RHODE 1SLAND AND METROPOLITAN AREA (EMRI)

BACKGROUND

The Eastern Massachusetis-Rhode ls-
land (EMRI) Metropolitan Area con-
sists of the entire state of Massachusetts
except Berkshire County and the en-
tire state of Rhode Island (Figure 8-1).

The NEWS water supply planning,
since its initiation in the Eastern Mas-
sachusetts-Rhode Island area, has fol-
lowed a stepwise approach. In 1967
and 1968, a series of small limited
scope reconnaissance type reports
were prepared to provide an overview
of the New England water supply
situation, On the basis of these re-
ports, the EMR! area was identified as
a region requiring early augmentation
of existing supplies.

Following completion of the recon-
naissance studies and meetings with
water resource officials from Massa-
chusetts, Rhode Island and Connecti-
cut, and the New England River Basins
Commission, a feasibility study on the
EMR! water supply problems was
made.

The water supply feasibility study
completed by the NEWS Study in late
1969 [(See Annotated Bibliography)
describes the water supply problem of
the Eastern Massachusetts-Rhode
Island area. |t inciudes details on the
area’s water demands projected
through the year 2020, and presents a
number of solutions to meet them.
The most urgent demand for addition-
al water supply appeared to be in the
Greater Boston and Providence Metro-
politan Areas.

Methods of meeting these future de-
mands were presented in the feasibility
study by means of illustrative regional
plans. Although illustrative, these
regional plans demonstrate the pre-
dominant role which development of

the Connecticut and Merrimack Rivers
will have in meeting future water
supply needs. Recognizing the rale of
these two major River Basins in meeting
future needs allows an evaluation of
the davelopment priorities which
should occur. On the basis of the
analysis included in the feasibility
study, early development of the Con-
necticut River Basin {to 1990} {ol-
lowed by later development of the
Merrimack River Basin (1980-2020)
appears to offer a cost effective means
of meeting the region’s needs. The
Boston area demand appeared to be so
great as to eventually reguire inter-
basin diversions of 300 mgd or mare
from either or both the Merrimack and
Connecticut River Basins.

At a meeting to discuss the feasibility
report in May 1970, Federal agencies
and representatives from Massachu-
setts, Connecticut, Rhode lsland, and
the New England River Basins Com-
mission agreed on the direction of
more detailed studies. Of prime con-
cern was the near-term (prior to 1990)
water supply problem of the Eastern
Massachusetts areas.

it was agreed that the Corps would
study two projects in detail for diver-
sion of less than 200 mgd from the
Connecticut River Basin, investigate
the use of the Merrimack River as a
regional and local source of water
supply, and determine the potential
environmental impact of large diver-
sions on the Merrimack and Connect-
icut River estuaries.

The May 1970 meeting was guite
important, therefore, because it helped
define the policies which would guide
future water supply development with-
in the EMRI area. Within Massachu-
setts, for example, this policy direc
tion is aimed towards meeting short

range needs by local surface and
ground water developments, together
with the Northfield Mountain and
Millers River Basin projects. This de-
velopment to meet short term {1990}
needs allows time to institute water
conservation measures, carefully in-
vestigate Merrimack River use, and
permit technological advances in such
technigues as desalination and recycl-
ing which may be helpful in meeting
the fonger range (2020) supply de-
mands.

In Rhode Island, that State has noted
its preference for in-state development
of its resources rather than connection
to an interstate water system. Rhode
Island’s policy direction, therefore,
follows a stage development of ground
and surface water sources located
principally in the Pawtuxet, Black-
stone and Pawcatuck River Basins.

The projects selected for further
NEWS Study at the May 1970 meeting
are in keeping with Massachusetts’
general policy direction and are con-
sidered as components of the EMRI
regional plan. Actions by others in-
volved in the region's water supply
planning have also added other com-
ponents. These include proposals ad-
vanced by the Commonwealth aof
Massachusetts, the state of Rhode
Island and regional planning agencies.
The NEWS efforts, together with work
done by its state and regional planning
partners, have developed a de facto
1990 plan to meet short 1ange water
supply needs. This plan is generally
represented by the projects shown on
Branch 3.

For the longer range time frame
{1990-2020) there is no regional plan
which has been “‘set in concrete.” The
long range nature of water supply
needs dictates that a flexible course of
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action be maintained. However, even
though a firm plan has not been
adopted, the general direction which
this long range plan will follow is well
defined.

As noted earlier, key sources for meet-
ing future water needs are the Con-
necticut and Merrimack River Basins.
In Branch 3, the Connecticut Basin in
the regional plan would be called on to
supply 1990 needs. With early devel-
opment of the Connecticut, the feasi-
bility study indicated, the more eco-
nomical source for long range
(1990-2020} needs would be develop-
ment of the Merrimack.

In 1974, reports were completed on
the two Connecticut River diversion
projects {Northfield Mountain and
Millers River Basin). Studies indicated
that the projects, as finally formu-

lated, could provide an additional 148
mgd of water supply with minimal risk
of environmental damage. The project
reports have been reviewed and recom-
mended for implementation by the
Board of Engineers for Rivers and
Harbors.

If the Connecticut River Basin projects
described above and other State and
locally sponsored development shown
on Branch 3 are not implemented,
then other choices will have to be
substituted. In the Decision Tree
which is shown later, two other
branches have been developed from
projects reported in the original feasi-
bility study. The intent of Branches 1
and 2 is not to suggest that these are
preferred routes, but rather to display
alternative paths which might be fol-
lowed if the projects on Branch 3 were
not implemented.

TABLE 8-1
COMPARISON BETWEEN EXISTING OR PROJECTED DEMAND 2
AND YIELD — EMRI {(in mgd)

1965 1980 1990 2000 2020
Population Mass. 5.1 6.1 6.7 7.3 8.4
(Millions} R.l. 09 1.0 1.1 1.2 1.3
TOTAL 6.0 7.1 7.8 8.b 9.7
Water Demand Mass. 660 953 1,140 1,349 1,674
R.L 89 123 147 170 219
TOTAL 749 1,076 1,287 1,519 1,893
Yield of Existing Mass. 813 813 813 813 813
Water Systems R.l. 160 160 160 160 160
TOTAL 973 973 973 973 973
Deficit or Mass. {163} 133 325 536 861
Over Supply R.L { 71) 3 20 44 59
TOTAL {224} 136 3456 580 Q20

L gased on gped values by county shown in 1969 Feasibility Report and Obers

Series E population projections.

2 Deficit or over supply figures do not agree numerically with differences between
Water Demand and Existing Yield due to local supplies, and an imbalance of local

supply with local deficits.
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AREA PROFILE

The EMRI area consists of Rhode
Island and all of Massachusetts except
Berkshire County. The region contains
357 municipalities and a population of
6.5 million. The population is expect-
ed to increase to 9.7 million by 2020.
Of the current population, about 85%
is urban.

The Boston area is the most significant
element of the EMRI Area in terms of
the demand exceeding the safe yield of
existing systems. It is geographically
and economically the center of the
largest employment and population
cluster in New England. Boston, the
central city, is the Capital of Massa-
chusetts and the most populous city in
New England.

Population growth near the major met-
ropolitan areas is expected to increase
at a more rapid rate than in other
sections, with the largest increases
most likely to occur near the urban
centers of Boston and Providence.

WATER DEMANDS

As shown in Table 8.1, the average
water demand in the area in 19656 was
nearly 750- mgd. This demand may
reach about 1,080 mgd in 1980; 15620
mgd in 2000; and 1890 myd by 2020.
Of the expected demand, fully 75% is
expected to occur in Massachusetts
counties east of Worcester County.
About 80% of the Rhode lsland re-
quirement will come from the counties
in and adjacent to the Providence
Metropolitan Area. The importance of
meeting this increase in demand is
underlined by the fact that 96% of the
total population in the area depends
upon public systems as their sole
source of water supply. The study of
the EMR! area began with an analysis
of the balance between water demand
and the vyield of the existing water
systems. Table 8.1 shows this com-
parison.

The projected demand as expressed in
gallons per capita per day (GPCD)
varies throughout the EMRI area and



is.subject to high seasonal variation. In
Massachusetts this-demand varigs:from
a low: of 180 in Franklin County in: the
year -1980, rising to 162.in 2020, to'a
high of :312:in ‘Dukes County in 1980
rising to 395:by 2020. In Rhode Island
the least-demand in-19880.is. projected
tor Mewport- County, 80 gpcd,: rising
to 126 in 2020 while the greatest
demand of 135 gped. is forecast . for
Providence County in 1980, rising to
176 in 2020. '

As can be seen from Table 81 a
deficit or demand for addltlonal water
will exu;t in the area, as a _whaole_in
1980. Most of the addrtlonal reguire-
ments . 0cour, |n the Massachusetts
portlon of . the area, In the Rhode
ls_iand po_rtnon__ deflcnts_appear for the
first time in 1990 and increase in later
years.  Local community . deficits may
appear earlrer Thus the area-as a whole
must be considered as one with urgent

water suppiy problems mamly in
Massachusetts. .
AVAILABLE WATER..

These are 369 public water supply
systems within the area with a com-
bined safe yield'of about 970 mgd; or
‘abiout 140 mgd less than the expected
'demand in 1980

“The Metrop’olrtan District Comimission
(MDC} of Magsachusetts is the largest
regional system in ‘New England. This
system supplies either all or part of the
water in 42 communities including
Boston.: The MDC served about 2
million persons, or 37% of ‘the Com-
monwealth 5 1970 populatron '

MDC relies solely on surface water for
its' supply.- 1ts three major- reservoirs,
Quabbin, Wachusett and Sudbury, im-
pound flows 'in the tributaries of
the: Connecticut and Merrimack River
Basins. ‘Quabbin, with ‘a capacity of
412 billion gallons, is, the backhone
of the - system. .| t-impounds the: run-
off-from ~186 -square miles : of -the
Swift River watershed: and flow di-
verted . from 98 square mites of the
Ware River watershed; both tributaries

of the Connecticut River. It appeared,
until the recent occurrence of larger
than normal rnﬂows that Quabbin
couid be dry by 1985 and unusable at
some . point pefore then. If precrplta
tlon had . not . been above, normal
recently, such could have been the

case.

Safe yiéld of the MDC system is about

*300 migd: and avérage daily use in 1974

‘was ‘303 mgd. Of the 1974 demand,
about” 270 'mgd *was delivered 1o
municipalities that rely exclusively on
MOG as: their only supply source. As
per ’ capita 'water use ‘continles to
increase and more communities join,
or otherwise become dependent upon
MDC, the system will be put under
increasing. strain. At the same: time,
any:: drought: or failure in the MDC
system will have severe: -and - far
reaching ramifications. . Historicelly,
surface . water has been -the principal
source of supply-for.the area. Several

river basins, contained either wholly or

partially within the area, have poten-
tial for economical development of

additional water supply sources. These
potential -sources are the basins of the

Connecticut, = Merrimack, tpswich,
North, Taunton, Pawtuxent, Black-
stone, Thames, and Pawcatuck Rivers.
Together, they have a total drainage of
about 18,100 square miles _and _an
average annual runoff of 19, 400 mgd

Althiough "the * combined rurioff of
thete River ~Basins “appears 'to’ be
enough to meet all water supply re-
quirements, there is-an acute shortage
of .developed. facilities  to tap that
supply. Unfortunately major use areas
do ‘mot: coincide -geographically - with
the major water sources.

The following sources are. being con-

sidered for development.

The Connectlcut

The Connectrcut Rwer Basrn wrth a
drainage area of 11,265 square miles
and an. average - annual- runoff of
12:400. mgd s the - largest -in New
England. The total developed vield.of
the . Basinis only 260 mgd. The River

rises in the Third Connecticut Lake in
northern New Hampshrre near the
Canadran ‘bordeér. From the lake, the
nver ﬂows south through New Hamp-
shire, Vermont Massachusetts and
Conneo’ncut for about 400 miles 10 its
mouth onh Long lsland Sound at Say
brook Connect|cut Water from the
Basin has iong been used for suppiv by
Basin communltles and for interbasin
transfer to Boston and the surroundmg

'area

The Nlerrlmack

The Merrimack Fhver Basrn lies :in
central New England and extends from
the White Mountain_ region:.of New
Hamipshire south. 1o the -east central
region of Massachusetts. it.has a total
drainage area of 5,010 square miles
and an average annual runoff of-4, a00
mgd.. In 1965 total. developed yield of
the Basin was only 170 mgd, with only
0 mgd drawn from the mernstem

Many trlbutarres of the [Vlerrlmack in
the studv area have, been used as water
supply sources, with the MDC
Wachusett and Sudbury reservorrs rep-

_resentrng the major pro;ects )

.Although the marnstem of the Nlerrr-
mack has a Iarge potentlal for water

supply, mumcrpahtles have shunned
the River because it is highly polluted
with industrial and municipal waste.
For many years, the only ma]or user of
the River was the City of Lawrence
Recently, however LoweII has also
begun to use the River for. water
supply because of the scarCItv of other
sources.

Similarly, as water demands increase
and cleaner local sources prove inade-
quate, more communities, both in the
Basin and beyond it, will be forced to
tap the Merrimack for supply.

Available .additional. major - storage
reservoir.. sites ~within. the. Basin are
scarce and appear expensive. However,

the large flows of :the mainstem itself
_provide an opportunity for: use- by

direct . withdrawal and treatment of
high flows. o
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Blackstone River Basin

The Blackstone River Basin head-
waters are located in central Massachu-
setts. From there the River flows in a
generally southeasterly direction to
Pawtucket, Rhode Island, and then
southerly to its mouth at the Provi-
dence River. Total drainage area of the
Basin is B40 square miles with an
annual runoff of B9 mad. Present
water quality within the Basin is
generally poor to fair. Howaver, some
small tributaries possass good gquality
water.

Two tributaries, Nipmuc River and
Tarkiln Brook, of the Blackstone River
could be developed.

Ipswich River Basin

This Basin, located on the Massachu-
setts North Shore, is ong of a series of
small coastal rivers which drain the
gastern Massachusetts region. It has a
drainage area of 155 square miles and
an annual runoff of 180 mad, At
present, water quality within the Basin
is generally good and the runoff from
the Basin is heavily used for water
supply purposes with the majority of
supply exported from the Basin to
nearby communities,

North River Basin

The North River Basin is located on
the Massachusetts South Shore. At
present, the river is one of the few
Eastern Massachusetts basins that is
relatively undeveloped. It has a drain-
age area of B8 sguare miles and an
average annual runoff of 74 mad.

Pawcatuck River Basin

The Pawcatuck River Basin is located
in the southwestern part of Rhode
Island and Connecticut. The watershed
of the Basin totals 303 square miles
with an average annual runoff of 364
mgd. Existing water quality in the
Pawcatuck is generally good, although
some reaches of the mainstem River
are classified as poor.
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Pawtuxet River Basin

The Pawtuxet River Basin is located tn
the northern half of Rhode Island, The
Rivar drains an area of 230 square
miles, all of which lies within Rhode
Istand with an average annual runoff
of 290 mgd. In general, most of the
Rasin's streams are of good quality;
however, lower reaches of the main-
stem River are classified as poor, The
hitly topography of the watershed has
in the past lent itself to the develop-
ment of water supply reservoirs, and
the Providence Water Supply Board's
sources are located within this River
Basin,

Thames River Basin

The Thames River Basin lies principal-
ly in the eastern part of Connecticut,
with portions extending into south
central Massachusetts and north-
western Rhode Island. The drainage
area of the Basin is 1,474 square miles
with an average annual runoff of 1,668
mgd.

Present water quality in the Basin's
streams range from poor to good with
the Rhode Ysland partion of the Basin
classified as good.

Taunton River Basin

The Taunton River Basin is a moderate
size coastal basin that drains portions
of Bristol and Plymouth Counties in
southeastern Massachusetts. Its total
drainage area is 543 square miles with
an average annual runoff of 636 mgd.
Existing water guality within the Basin
yaries from good in some headwater
tributaries to poor in the lower reaches
of the mainstem River.

Groundwater

Small vyields can be developed from
wells in most of the till or bedrock
aquifers that underlie Massachusetis
and Rhode lsland. However, they
would be of minor regional impor-
tance because they are capable of
sustaining only relatively small yields,
more suitable for local demand. There
are, however, a few areas where

groundwater could be developed
gnough to make It an element in a
regional scheme, The most notable of
these sites are Barnstable and south-
sastern Plymouth Counties, In these
and other regions suitable for possible
ground water development, the quality
of the water is quite good.

WATER SUPPLY PROGRAMS

During the planning activities in the
New England area, officials and
citizens in the area expressed a desire
to mest water demands in concert
with several additional objectives. One
strong point stressed by New England
officials was their desire to avoid the
construction of any new reservoirs
that would remove land from use,
displace people, and possibly involve
environmental damage. Therefore,
planning in the New England area has
stressed the possibility of adding to
existing systems, using existing reser-
voirs, and capitalizing on the high
spring river flows wherever possible,

Within Southeastern New England, as
in the other most critical areas, plan-
ning to meet growing water demands is
continuing. The ptanning to date, how-
ever, has revealed that the Connecticut
and Merrimack River Basins, because
of their size and location, will un-
doubtedly be called upon to furnish
significant quantities of future water
supply to the region,

As illustrated on Figure 8-2, the timing
and sizing of facilities far development
will depend on the branch selected.
For example, if Branch 3 were se-
lacted, then critical short term de-
mands would be largely met through
development of locally available sup-
plies. During the early time frame,
limited development of the Cannecti-
cut River Basin would be necessary. in
the mid-range years, 1890-2000, locally
available supplies may again furnish a
major portion of the needed supply.
Further development of the Merri-
mack and/or Connecticut during this
time period could be alternatives to



local development. By the long-range
target years of 2000-2020, however,
development of the Merrimack or Con-
necticut River Basins or both will
probably be required to meet future
water needs. Development can be de-
layed or reduced if local interests can
implement a demand reduction pro-
gram through restrictions or water
saving fixtures,

A review of branches 1 and 2 on the
Decision Tree reveals similar depend-
ence onh the Connecticut and Merri-
mack River Basins as principal sources
for the area's future supply needs.
WMajor differences between branch 3
and branches 1 and 2 lie in the timing
and scope of development for the two
major River Basins. An irrevocable
commitment to certain projects on
one branch is not necessary. Different
projects can be chosen for later time
frames to complement the satisfaction
of a variety of differing objectives. If
demand reduction can be implemented
by local interests not all projects may
be necessary.

Branch 1 would require an early com-
mitment to large scale development of
the Connecticut River Basin. Branch 2,
on the other hand, would require an
early decision for heavy reliance on
the Merrimack River. Branch 3, be-
cause of its dependence on locally
available resources in the short @
medium range target years, allows the
decision regarding major commitments
to development of the Connecticut
and/or Merrimack Rivers to be made
at a future date. Such a decision, of
course, would have the benefit of
advances in water supply technology
and the latest economic and demo-
graphic trends.

The purpose of discussing the relation-
ship of the Connecticut and Merri-
mack River Basins is to present the
source-supply situation that NEWS in-
vestigations have revealed. It is espe-
cially important to appreciate the sig-
nificance of the Merrimack and Con-
necticut Basing to the region when two
special issues are considered.

A special issue that must be considered
by decision makers is Massachusetts’
relationship with the State of Connect-
icut. This downstream state is opposed
to further diversions by Massachusetts
from the Connecticut River Basin.
Before Massachusetts impounded the
Swift River, a tributary of the Con-
necticut, to form Quabbin Reservoir in
1931, Connecticut brought suit to
stop the diversion. The court decided
in favor of Massachusetts.

Then, as now, Connecticut officials
pointed out that even flood skimming
might have detrimental effects on its
portion of the River, Maintaining
spring freshet (peak flows), according
to the State Department of Environ-
mental Protection, has benefits such as
recharging ground water, replenishing
of agricultural flood plain soils, flush-
ing of sludge and silt deposits, main-
taining wildlife and aquatic habitat
and being a triggering mechanism for
anadromous fish runs.

Connecticut has not officially opposed
upstream diversions at the pumped
storage hydroelectric project at North-
field Mountain as long as they do not
diminish the flow at the gaging station
at Montague City to less then 17,000
cfs. However, state officials feel that
any diversion, even with this limita-
tion, would set a precedent for further
diversion. They have, meanwhile,
called for an independent agency to be
established to monitor diversions from
the Connecticut River and for a formal
mechanism to properly weigh the
interests of alt Basin states. Discussions
toward establishing such a mechanism
have already begun.

The second special issue is the possible
upstream diversion of flow by New
Hampshire from the Merrimack River
Basin to serve the water needs of the
coastal area. No detailed proposals
have been formulated by New Hamp-
shire on this project; however, feasibil-
ity detail plans have been prepared. Cn
the basis of all information gathered to
date, there appears to be few alterna-
tives to such a diversion scheme.

Because there has been no definite
proposak advanced by New Hampshire,
Massachusetts has not offered an
opinion of such a plan. !n the future,
however, the Merrimack Basin may be
needed as a major source of supply for
Massachusetts. In this case, a possibie
conflict between New Hampshire and
Massachusetts could deveiop.

Many projects were investigated and
found technically feasible, as reported
in the Draft Report Feasibility Report
in Alternative Regional Water Supply
Plans for Southeastern New England
prepared in November 1969, by the
New England Division, Corps of
Engineers. Not all of these projects
have been investigated to the same
degree of detail, however. The projects
shown are illustrative, and they do
reflect the region's major sources of
water supply and the choices available
to meet future water supply needs.
These projects are summarized here,
organized in groups based on the
source from which water is drawn.

Connecticut River Basin

Seven possible methods of developing
additional water supply from the
Connecticut River Basin to aid in
meeting the region’s future water
supply needs were investigated, Five of
the projects considered would aid in
meeting out-of-Basin needs in Eastern
Massachusetts as well as portions of
the in-Basin needs. All of the projects
considered are high flow diversion
projects. Water would be delivered
through agueduct systems for storage
in the existing Quabbin Reservoir.
From Quabbin, the water could then
be delivered to communities prin-
cipally located in Eastern Massachu-
setts.

Northfield Mountain Project. A small
portion of the annual spring runoff of
the mainsterm Connecticut River
would be diverted to Quabbin Res-
ervoir for use as water supply. These
mainstemn flows would be diverted via
an existing pumped storage hydro-
ciectric facility at Northfield Moun-
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tain, Massachusetts. The possibility of
‘changing the pumped storage project
to include water supply is currently
being negotiated by etectric utility
officials and the Metropolitan District
Commission,

Modification of the hydroelectric
operating schedule to add the water
supply function would consist of ex-
tending the daily pumping cycle of the
12,000 cfs . reversible turbines 1.4
hours during highflow periods. This
additional period is considered the idle
time for the power installation be-
tween its pumping and generating
cycles. The additional 375 miilion
gallons pumped during this 1.4 hours
would then be stored for water supply
on top of the water stored for power
generation in the Northfield Mountain
pumped storage reservoir.

The additions required to develop the
project for water supply would consist
of additional storage in the power
pool; an 8.5-mile, 10-foot-diameter
connecting tunnel to Quabbin Reser-
voir; disinfection units and minor
appurtenant structures. The gstimated
safe yield of this project is 72 mgd.

Millers River Basin Project. This pro-
ject would divert wafer by highflow
skimming from the Millers River Basin,
a tributary of the Connecticut River,
which lies generally north of Quabbin
Reservoir. An 8-foot-diameter tunnel
would be built from the existing Tully
Flood Control Dam and Lake to carry
the withdrawn high flows from the
Tully River to the Millers River. At the
Millers River above Athol, Massachu-
setts, an intake would divert the water
from the Millers to a 10-foot-diameter,
9.5-mile tunnel to Quabbin Reservoir.
Because water in the Millers s
presently heavily polluted, this project
includes waste treatment plants up-
stream from the river intake. This
project would provide an additional 76
mgd of safe yield to the Quabbin
Reservoir system.

Hadley Project. This project would
develop additional yield via high flow
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skimming techniques through an in-
take works near Hadley, Massachu-
setts. Water withdrawn from the main-
sten of the Connecticut would be
pumped to Quabbin Reservoir through
a 0.8-mile, 10-foot-diameter tunnel.
This project would add an pstimated
72 mgd of additional yield to the
Quabbin Reservoir system.

West Deerfield Project. An additional
72 mgd would be made available by
high flow skimming from the Deerfield
River, a tributary of the Connecticut.
The intake works for this project
would be located on the Deerfield near
West Deerfield, Massachusetts. Because
the natural river bed at this location is
shallow, construction of a 200-foot
concrete weir would be reguired to
insure depth control. The diverted
water would be pumped via a 14.2-

mile, 10-foot-diameter twnnel to
Quabbin.
Connecticut River Diversion (500

mygd). The proiject that would be con-
structed would high flow skim water
from the mainstem Connecticut near
Hadley, Massachusetts. Water with-
drawn would be delivered to Quabbin,
via pumping through a 26-foot-
diameter tunnel 9.8-miles-long. A new
tunnel 24.2 miles long, would connect
the Wachusett and Quabbin Re-
servoirs. From Wachusett, a new
14.1-mite-tunnel may be needed to
connect to the existing adueduct sys-
temn. Quabbin Reservoir might require
some enlargement.

Connecticut River Diversion (550
mgd). This project is similar in concept
to the preceding one. In this plan,
however, the diversion for 550 mad
would serve as an alternative to several
projects considered to serve Bristol
County, Massachusetts.

Connecticut River Mainstem — Hamp-
den County. This project would use
direct withdrawal of 20 mgd from the
mainstem Connecticut. An  intake
structure would be built above
Holyoke Dam and water withdrawn

would be treated in a water treatment
piant and pumped 10 Hampden
County, Massachusetts through a
7.4-mile, 48-inch-diameter pipe.

Knightsville Reservoir Project. This
project would require the reconstruc-
tion of an existing flood control reser-
voir in the Westfield River Basin.
Water would be used to meet in-Basin
Connecticut River future supply
needs. The recreation pool would be
drawn down during off-season periods
and delivered to the existing water
supply pool at Littleville Reservoir, an
existing reservoir located on an ad-
jacent tributary of the Westfield River.
Water delivered to Littleville Reservoir
would then be conveyed through an
existing force main to the Cobble
Mountain-Borden Brook complex, the
existing main source for the Spring-
field, Massachusetts water system. The
safe vield from development of
Knightsville Reservoir would be 20
mgd.

Merrimack River Basin

Five projects were investigated which
would develop resources of the Merri-
mack River Basin to meet a portion of
the study area’s projected future water
needs. The service areas vary from
municipalities near the River 1o out-of-
Rasin areas in eastern Massachusetts.

Merrimack River at Lowell. Two pro-
jects designed to meet largely in-Basin
needs would yield from 35 to 50 mgd.
The first project, for 35 mgd, was
designed to meet short-range supply
needs in communities located within
northern Middlesex and northern
Essex Counties. Development would
require construction of pumping in-
stallations, a water treatment plant
and a 15-mile, 36-inch diameter trans-
mission main. Depending on the opera-
ting schedule selected, a small quantity
of upstream reservoir storage might
also be needed.

The second project, if developed,
would meet in-Basin needs as well as



out-of-basin needs in the adjoining
Ipswich and Parker River Basins. This
50 mgd project would service munici-
palities in northern Middlesex and
most of Essex Counties. Facilities
necessary to develop this yield would
include intake works, pumping in-
stallations, a water ftreatment plant
and supply transmission lines, Com-
munities near the treatment plant
cowld draw their supplies from the
plant itself. Municipalities downstream
and in the Ipswich River Basin would
be supplied through 15 miles of 48-
inch-diameter and 9 miles of 30-inch-
diameter pipeline. '

Merrimack River for Eastern Massa-
chusetts. Three projects to meet future
out-of-basin needs were evaluated. In
these projects, two methods of supply-
ing the eastern Massachusetts Metro-
politan region from the Merrimack
River were considered. The primary
method considered diverting flow
from the Merrimack when river flow is
in excess of other water resource
requirements, such as that needed for
established water quality standards.

Withdrawal from the river would be
used to maintain maximum storage in
Quabbin and Wachusett Reservoirs.
During high flow periods in the Merri-
mack River, water demands within the
consumer area would be met partially
or wholly by diversions from the
Merrimack River. During low flow
periodé, when flows are lower than
those necessary for allied water
resource uses, no diversions would be
made from the Merrimack. During
such periods, water supply needs
would bg met by drawing water from
Quabbin and Wachusett,. Reservoir
storage. This project reduces upstream
storage reservoir requirements.

Alternative No. 2 would use the Merri-
mack River as a water supply source
on a year-round basis. I this plan,
water would be diverted, treated and
delivered daily. During periods of low
flow, water would have to be released

from upstream reservoirs t0 compen-
sate for the low flow withdrawals.

Development of additional yield from
the projects can range from 170 to
622 mgd. In order to fully develop
vield, needed facilities would include
intake works on the Merrimack River,
a major water treatment plant and 92
mites of varying diameter tunnel with-
in the Boston Metropolitan complex
and a connecting 14-mile tunnel
aqueduct from Wachusett Reservoir to
the transmission aqueduct loop. If
Alternative No. 2 were used then
several upstream reservoir sites would
also be required.

Ipswich River Basin

In this projdet, the Ipswich River
would be further developed by high
flow skimming from the mainstem to
four off-stream reservoirs. The avail-
able yield is estimated to be 15 mgd.
This project would require con-
struction of four off-stream reservoirs,
diversion aqueducts, a pumping in-
stallation, a water treatment plant and
a force main connecting the reservoirs
to the treatment plant.

North River Basin

This project would require construc-
tion of a dam and reservoir in the tidal
range of the North River, a water
treatment plant, pump stations and
conng_ction pipelines to the northern
half of Plymouth County, Massachu-

setts. Additional available vield is esti-

mated to be 25 mgd.

Taunton River Basin

Two projects would skim the high
flows of the Taunton and deliver it to
off-stream storage facilities.

One project would divert water from
the Taunton to existing storage at the
Lakeville Ponds complex. The second

project would deliver diverted flows to
a proposed reservoir site, known as
Copicut Reservoir.

Water from either of the off-stream
storage sites would be treated and
delivered via transmission facilities to
communities in southeastern Massa-
chusetts. Potential yield would be 25
mygd.

Further development of the Taunton
could be accomplished by construc-
tion of a dam and reservair in the
iower reaches of the River. The site
selected for this project is located near
the river mouth within the tidal
estuary portion of the Basin. This
facility would yield about 97 mgd for
Bristol County, Massachusetts and per-
haps portions of Rhode Island.

Pawtuxet River Basin

The Big River Reservoir project would
develop the Big River watershed for 29
mgd by construction of a dam and
storage reservoir on the mainstem of
the River. Water drawn from storage
would be treated and conveyed via
force mains to existing transmission
lines of the Providence system.

Canstruction of the Big River dam
would provide 82,000 acre-feet of
additional storage. Water drawn from
the reservoir would be conveyed in a
1.1-mile 90-inch-conduit to the water
treatment plant. Finished water from
the treatment plant would be con-
veyed to existing transmission mains
through a 4.5-mile, 84-inch-diameter
pipe and a 2-mile 10-foot-diameter
tunnel.

The adjoining watershed, Flat River,
has limited storage sites and transfer of
water from the Flat River via high
flow withdrawal could increase the
dependable vield of Big River Reser-
voir. Additiona! vield from this project
is estimated to be 13 myd.
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Thames River Basin

Development of the Thames River
Basin within Rhode Island would con-
sist of high flow withdrawals from the
Moosup River to a small regulating
reservoir  and then to Big River
Reservoir.

The major components of the Moosup
River diversion would consist of a
diversion dam on the Moosup and
pumping facilities with connecting
aqueduct to the Big River Reservoir to
develop a yie!d of 20 mgd.

Pawcatuck River Basin

The project investigated in the
Pawcatuck River Basin would develop
a tributary, the Wood River. The
Wood development, similar to the
Moosup project described earlier,
would flood skim and deliver water to
the Providence area via the Big River
Reservoir.

The major components of the Wood
proiect are an initial diversion dam and
intake structure, pumping facilities
and a connecting aqueduct from the
intake to the Big River watershed.
Eventually, as demand increases, a
dam and reservoir could be built to
develop the maximum potential of this
source.

Flow would be diverted from the
Wood through a #4.2-mile, 48-inch-
diameter pipeline to the Big River
Reservoir. The additional yield would
be 19 mgd. If a 13,500 acre-foot
reservoir was ultimately added to the
system, the Wood River system total
yield would be 30 mgd.

Blackstone River Basin

Two tributaries, the Nipmuc River and
Tarkiln Brook, of the Blackstone River
would be developed for a combined
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vield of 14 mgd. The area 0 be
serviced by these projects would be
northern Rhode Island.

The projects would develop Tarkiln
Brook by construction of a dam and
reservoir, pumping facilities and a con-
necting aqueduct from the reservoir 0
a water treatment plant. initially, addi-
tional yield from the Nipmuc River
would be made available by high flow
withdrawals. As water demands in-
crease, construction of a storage dam
and reservoir on the Nipmuc itself
would allow the development of the
project’s full potential yield.

In the operation of this project, water
would be diverted from the Nipmuc
and delivered to a reservoir on Tarkiln
Brook through a 4.3 mile, 30-inch-
diameter conduit. Water from the res-
ervoir would be treated and conveyed
12 miles through pipelines to major
distribution points.

Southeastern Massachusetts Ground-
water

An investigation of the potential
ground water resources was conducted
by the United States Geological
Survey {USGS) as input to the NEWS
Study. In their analysis, the USGS did
not undertake any new ground water
research, but made use of available
data from prior reports.

The USGS analysis outlined two
regions that may possess sufficient
groundwater resources for regional
supply. Other areas were identified as
having potential groundwater sources
capable of meeting local requirements.

The areas identified for possible
regional supply were Southeastern
Massachusetts and South Central
Rhode Island.

The groundwater aquifer of South-
eastern Massachusetts lies within the
watersheds of a number of small
coastal streams. Available data
indicates that groundwater gquality is
generally good. However, the area has
a history of iron and manganese in-
creasing in c¢oncentration in existing
wells over a period of time. The
increased iron and manganese content
has caused abandonment of
wells.

some

One project would develop and supply
an average yield of 12 mgd to the
northern portion of Plymouth County,
Massachusetts. Necessary facilities in-
clude we!l fields, pumping stations,
transmission mains from well fields to
municipalities, and water treatment
plants.

Water withdrawn from wells would be
delivered to an iron and manganese
removal treatment plant. From there,
the water would be transported
through a 36-inch-diameter conduit,
23 miles to MNorthern Plymouth
County.

The second project would develop 28
mgd for municipalities in Bristol
County. Facilities needed include well
fields, booster pumping stations, water
treatment plants and connecting trans-
mission aqueducts to communities.

Water withdrawn from the wellfield
would be delivered to an iron and
manganese water treatment plant.
Following treatment, the water would
be delivered through 30 miles of vary-
ing diameter pipelines.

The groundwater from the upper Paw-
catuck River Basin has the potential of
meeting the demands of South Central
Rhode lsland as well as the two islands
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FIGURE 8-2. DECISION TIMING FOR INITIAL PROJECTS**—EMRI

of Jamestown and Newport. Develop-
ment of 11 mgd from weil fields
located on the mainland could be
piped to existing systems on the
islands.

in this project, water would be con-
veyed by two 20-inch mains from the
wellfield to a collection point. A 24-

inch fransmission main would carry
the water 14 miles to the Jamestown-
Newport water distribution system.

DECISION TIMING

The timing involved for implementa-
tion of each project is an important
factor to consider when selecting proj-
ects for inclusion in a program. The

* PROJECT ON LINE
*% NOTE THAT MANY DECISIONS APPEAR
LONG OVERDUE

schedules of implementation shown in
Figure 8-2 are for those early action
projects in each branch of the Decision
Tree. Figure 8-2 illustrates the point in
time at which decisions should have
been made to overcome current defi-
cits and to reduce the risk of addi-
tional shortages.

Projects shown on the “Decision
Timing Chart” labeled as No. 1, No. 5,
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No. 6 and No. 7 are alternative proj-
ects which would meet short range
needs of the Metropolitan Boston
region. Demand currently exceeds safe
yield and immediate augmentation of
available supplies is necessary. Since
the Federal, State and local approval
dates have already passed, a decision
on these project elements is overdue.

The project shown as No. 2 "Big River
Dam'’ is reguired about 1981, accord-
ing to state officials, in order to
maintain an adequate supply reserve.
In order to meet the 1981 target date,
necessary approvals should have been
secured by 1972.

The project shown as No. 3 “Local
Groundwater” according to latest esti-
mates would meet needs developing
after 1990. To have this project on
line when required, necessary ap-
provals would have to be secured by
1981 at the latest.

The project shown as No. 4 “Taunton
River Diversion” according to latest
estimates would meet regional needs
about 1985, In order to have this
project on line when necessary, ap-
provals would be required by 1976.

The project shown as No. 8 “lpswich
River” is presently under investigation
by Massachusetts State officials. It is
expected that approval for one project
reservoir may be secured by 1975 or
early 19786.

The project shown as No. 9 “Merri-
mack River Diversion (35 mgd}”

72

would meet needs which affect the
region about 1981. Necessary ap-
provals for this project element were
required in 1972 in order to meet
forecast needs. The decision is past
due on this project.

PLANNING ASSUMPTIONS

Planning in the area has been keyed to
a strong desire by officials and citizens
to avoid any new reservoir construc-
tion.

Three alternative water supply pro-
grams for the EMRI area, reflecting
the additional objectives voiced by
area citizens and officials, have been
formulated as shown in Figure 8-3 and
were developed on the basis of the
following assumptions:

1. An urgent water supply need
exists and the deficit will get
larger.

2. Water supply projects will be

necessary despite use of water
saving fixtures or appliances.

3. Water supply sources should be
developed to meet the base load
demand rather than peak
demands.

4. Water use restrictions will be of
limited value in reducing base load
demand.

COSTS AND CASH FLOW

Local expenditure and cost data have
been developed and are displayed for
decision tree branches 1 through 3.
These data demonstrate the financial
sensitivity of program and user costs
to local and extra local funding source
assurnptions. Comparison of estimated
annual local expenditures through
2020 for both amortized capital con-
struction costs and operation, main-
tenance and repair costs shows that it
is less expensive to use extra local
funding during the 50 vyear pericd
{1970-2020) of analysis. This analysis
was based upon the assumption that
the 1958 Water Supply Act may be
applied to obtain extra local funding.
It includes a lower interest rate and a
longer payback period, resulting in
smaller annual payments, as well as an
initial period of up to ten years during
which no debt service payments are
made and no interest is accrued. How-
ever, since in all cases local expendi-
tures extend beyond 2020, total
program expenditures are slightly
greater, less than 1%, with extra local
funding. Estimated cost per mgd safe
yield for 1980, 2000 and 2020 is
higher for local funding because it has
been calculated on the basis of a 10%

reserve on debt service which is
typically required by investment
bankers on municipally funded
projects.



FIGURE 8—3 DECISION TREE — EMRI FROJECTS

*Bpproximately 100 mgd of the deficit shown in Talie 8-1
shiould be met by the year 2020 through small, locally de-
veloped sunces in the rurl areas of western Massachusa tts,
Dukes Cownty, Mamtucket County and Cape Cod in Barn:
stahlz County.
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BRANCH NUMBER OME — A oo
gram desigere to sanEfy the obREDVE
ofF rplabiling a5 well os walse iy

The GBranch 1 peogram emghasizes
raliakilivy of supply toomeet dermand.
One  projest  is  included  for the
1090— 2000 time periad, & diverson af
GO0 mod from the Connecticat River.

Eurthar prajects rney ral be necessary
far the wears 2000-2020. Howsver,
addivzona! diversions from the Gone
necricut  andfor Marvimack  Rivars,
with & possible ragonsl groundwiter
devalopment could rmeet the regional
needs,

Pragram Description

The project «n Branch 1 seould in-
ciude 3 riwer inteka, pumping and
wansmission Facilities 1o divert 200
mgd from the Connesticut River to
COughnin Raservan for the 19802000

tirme frama,

Prajacts considered for the langar term
N00-=2030 demands could nclode &
romhimatinn af regional ground@ater
devalogment  ancfor divarsions  from
gither e Conmectical or Marrimack
Rivars,

Program Rationale

The possibility of nal hadng suféicient
Auantities ol water 1 meet demand
witht this project in operation is negii
hle, The diversians would take slace
anly when flosss o the Connecticut
ware  high and tharefora, the River
would retamn its patennal for doen
strean use,

Poei weater guality in the River is
urlikely in the future and therafore
kealeh risks are minimal. This @ due 10
the expected impaet ol FLY2-500, the
Foderal Water Follution Conorel Sct
Amergdmant ol 1972

Thera is, howeaear, & risk related to the
timaliness  with  whizh this  projec:
could D2 implemened des to the
obipaction of the State of Connecticut
e any more diversions from the Con-
nectigut Biver Basin, As noted earlier
in this reprt, jurisdictional questions
altern require lennthy periods nf time
Lo radlue,

This projact alsa has the potestial fosr
an &dverse apmwirnnrmental m@asl on
1he raderedirg receiving Hie diversions
CAPITAL AEQUIAEMENTS
ERANCH 1

E £ E¥

B

r

Millian Doilzrs Pe Yam

-
=
-

Biranch 1 would ngt requirs the impls-
rmentation of any additional projests
until the wear 2000 ar heygoand, amd
would therefore allow abow: 28 years
for the continued deswcloprent g
mrplementation  of adeanced  waste
wiater technology  wehich could pro-
mote  significant  reuse of  trested
whistessater hoth -:Iir-m-:TI',- ard inedirest
Iy, This could elimimate the need $or
the later project shown on Branch 1.
In terms of capital and aperating costs
this i3 the most expensive alternative
pecausa of tha larme and lengthy trans-
mission fazilities necessary o bring e
watelr to gxisting systerns and the cost
of povesr tooopump the water throuagh
this framsmission swstemn, I terms of
flexibitity, Branzh 1 offers livtle op-

Lornity 1 build the major elements,

g, the transmission lines, & modular
uits, It ds inefficient o construct
tunnels and major pipelines &t intervals
of less than 20 1o 25 vears, Thersfore,
a long term commitment most be
made 12 the use of the project oo it
i immlemented i proger elficiencies
are b oresult, Gonsiderable problems
aisa with Branch 1 a5 a resalt of the
eographic focus of inwolesd  Con-
necnicut  offcials, whe beleave that
divessions reduce the appoctunity for
downsteam usa, Fwan thaough divar-
sians might be small comparaed o river
Hewss, Connecticut Belicees  that a
preceient for ceen larger diversions
wanuld b established, The inhabitanis
ol Western Massachusetls  esam Lo

prefer that the Greater Boston Betro
palitan Area dewelop water supplies
aither within its boundasies or claser
thar the Connecticut River Basin, The
PIDC already diverts 195 mgd from
the Conmecticat Basin Frough the
Ouabbin Hesereoic Sestermn, Tharelara,
fuaslions ol aguity are being raized
aver incregsad  diversions  lrom o the
Basin.

The adwantage of this branch is that
the large-scale cavelopment will insurg
an adequate supply of water for the
mid-rangz future,

1 - =
19 [F'115 1330 SLO il ] ED
YELRE

FROJECT DATA FOR BRANCH 1** DISTRIBUTION OF EXPENDITURES FOR BRANCH 1
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BRANCH NUMEBER TWO — A gre-
grarn desigmed o satly the obfectives
of reglong Fforwy aed emarenmental
quality, in addition 1 providing wafker
T

Prograrn Description

Thres projects are proposed for the
Eastern Massachusarts area far the
1080 tn 1900 decsds: Locsl oround-
water wiould wield 12 regd; diversion
of high flmws Trem the Taunton River
with storages in axisting pands would
wield 25 mygd; and diversicn trom 1he
mainstem of  the Merrimack  River
winld yiald 198 mad, The total vield
would be 235 mgd,. Four aplians are
deseribed 0 maat the damand in Thea
TUa0 1o 2000 time frame. Al oDtions
would yield an additionzl 205 migd.,
They arg a5 fallmws:

1. An additional dwersion of 185
mgd from the Merrimack and a
diversion of 20 mod  fram che

Canmactiout.
ULTHATE
SHFE ¥D. CAFITAL COST®
PROJECT Kao S MILLIONE

EIG RIVER 20 562
GROUND'WATER 1 1n
TAUNTOR 25 510
MERRIMACK RIY. 18E HE0
M- TRESERVNIRE 14 Fik |
FLAT RAIVER 13 104
GROUND WATER 158 THEd
MERRIMALK HIY. 1] 415
TAUNTON EST, ar 1205
MERREMALCE RIV. 233 EAE0
TOTHL LEFS 13267

" AT COMPLETION
** ALL FIGURES IN 1674 DOLLARS

2. Dewvelapment of a major welltield
praviding 150 mgd from growed-
wiatar and diversion of 8% mgd
from gither she Mewimack aor
Connecticut.

I A major diversion aof 205 mod
Trams the Connesticut.

4. Groundwatsr development of BY
mipd and diversion from the Con
necticet River Basin through the
Marthfigld Mauntain Fumped
Storage  Hydroelectric  Project
vialding 72 mogd, and diversion
fromm the Millers River Basin wield
ing TH mpxd.

YEAR

Foer the time frame feom 2000 202-3.;
Massachusatts  could  develop  addi- 2
ticnal yield through available rmnurc:ﬁ»é
in the Connecteut andfor Merrirmack 2
River Basing, proundwater resources, 3

and sources in the Taunton River S
Basin.

PROJECT DATA FOR BRANCH 2**

For Rhode Idand, anly the Big River
project in the Pawecatuck River Basin
wiould wyield 29 gl For the waars
1830 rthrough 2000, Rhods [sland’s
demand could b et with  the
Mipmuc  River and Tarkilm Brook

CAPITAL REQUIAEMENTS

ERAMNCH 2
L

., ||

T T I 1
145 198K 1930 S bl 1 i)

YE&RS

LOCAL EXPENTHTURES |5 MI LLIONE)

THROUGH 1230 THEOUSH 2040 THROUDH 2128
AMMUAL  CONKECTED® EXTRA EXTRA EXTRA
OM&ER Laan LOCAL LOCAL LOCAL LOCAL LocaL LOCAL
SMILLIDKS KA FUEDMKE FUNDIND FUNDING FUNGING FUNDING FUNDIND
127 14 T4 0 1108 770 LR 1801
1.0 1735 ] 0 HE 764 kS5 758
153 11308 ] 0 K1 LLE] 1788 145.1
6.0 25356 BT ] 619.4 1135 E383 GE2.1
53 2340 B 0 LB 14,1 714 E4.3
1] Ell B 0 Lk 1. 2837 rHl
B.56 11156 B 0 252.1 1724 03 SEAE
11 GEID ] 0 LER 314 15T.1 1186
456 SEAD b (] ] i 156.7 1154
745 23807 B ] 1611 389 16903 TH.b
130 23407 T4.E 0 136EH T455 EE 25001

davelopment which includes & dam
and reservoir on Tarkiln Brook,
pumping facilities and & connecting
aqueduct from the resesvoir 10 a treat-
ment plant, The Nipmues would be
high flow skimmed, In addition, the
Flat Hiver diversion project would put
an addivional 13 mgd ime the Big
Aiver Reservor.

For the poriod 2000 to 20200, the
Taunten esteary dam and seoredir
woulld prowide 97 empd.

Program Rationala

The ragional fecus of this program is
ditferent from that shown in Branch 1,
in thal water supply for the carly 1980
— 1880 decade weould be developed
fram resources near serviced areas. Al

of the projects would include some
inter-Basin  wransfers) howewar, such

transfers would b2 made largaly within
the mevrapalitan  boundaries of the
areas to ba served. Thus, no import of
water  from  outsida the area is
included.

With regard to enviranrmental quality
all of the projects osnsidesed  in
Branch 2 with the exception of the Big
River Resareoic would require wery
little land. In the zasa of the Big River
Resareair, acousition of over B000
acras wiould be nacessary.

The apticns shown Tor the 1330-2000
tirne frame alse have & regicnal focuws
Althaugh the State of Connecticut
might object to diversions from the
Cenmecticat, the other options in the
branch provida for major groundhwvater
devalopment within the metropolitan
area as well as incroassd Mecrimack
diversions, Within Rhode lsland, de-
velopmant nf  the propects shown
would  seree consumers  within  tha
sarre broad  metropolitan regicn in
which 1he projects are located.

The eawironmental impacts for the
Connecticut River civarsions  showm
under the varicus sptions far branch 2

im the 19002000 time frama are ax
pected to be rminirnal, based on exten-
sive inwestigations of the estuary, river,
and receiving storage reseryoirs. The
erdrcnmeantal  impact  of  increpsed
Merrimack diversions alzo would be
minirmal if they were made only dur-
ing porinds of  high  flew. The
groundwater options for the 12920
2000 tirme frame may  peosent o 2n-
vironrmantal darmanes with regard 10
dirminishrant of stream flow and sur-
face weater levals located within and ad-
jacent 1o the wellfigld, Further study
would be reguired to come fo g morg
conclusive  position on the envirgn-
rnantal effect of a 150 mgd withdrawal
from ground  water  aguifers. Tha
Fhode Island  projects, escept for
Tarkilm Brook where a reservoir would
e constructed, weould involve flood
skimming initially. Witirmataly, a resar
woir may be nesded on Migmos Biver,
but this would depend on watar necds
at the tims.

DISTRIBUTION OF EXPENDITURES FOR BRANCH 2
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BRAMCH MUMBER THREE —.A pro-
gravn dagigaed o satisfy the obpetioes
af  peNabifty, regiong’ focos  cost,
fazbudity, and sowrenania gouaity,

diversions  frorm the |pswitch  River
for storage 0 offstroam  resaraoirs
providing 15 mgd; groundwater yield:
ing 12 mgd: high flow diversion from
the Taunton Eiver into existing reser-

Rhode sl wowld foget its addi-
tioral desmands with developrment ol
the  Mipmoes and Takiln Ressreoir
project for 14 mgd and the Flat River
Reservair which would provide 13

g% wall g5 grawicivig Wwatar sieely,
woars  providing 25 mgd: and with- rgd.

Tha Branch 3 program partially satis.  drawals from the Reerrimack yielding

Fizz all of the major obpctives men- 35 g,

tiemad 10 discussions  with aren

F. i der,
affisiale or Bhoda sland in the same desade

thee Big River project would vield 29
rrgid.

CAMTAL AEQUIAEMENTS
BERANCH 3

Frogram Description The 1990-2000 dermands in the Massa-
Far the Masachusetts aeea, this  chusetts aren wiould ba met by divei-
ranch consists of gix projects with a  sions of 188 myd from the Merrimack
total wisld of 2358 mgd for the  and 20 mgd frem the Connecticut; or
10801990 dacads, The projects ano: P06 mgd from the Connecticat; or 150 35
pumpsd  storage  frem Morthfield  mgd from groundwster cowpled with g
Micuntain providing 72 rogd: diversions diversions of 55 mod from aither the §
fram the Mitars River for 76 mgd:  Marrimack or the Connecticut,
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Massachuseils would mest the addi-
tiomal  demand in the 2000-2020
periced with 4 combination of projects
including & qroundwater develnpment
ad majar diversions from the Con-
mectlicdt  andior Merrimack  Rivess,
Bhode lsland, mearwhile, wauld meet
its additional demands with develep
ment of mroundwater resources, and
corstruction of the Moosup Reservanr,

Prograrm Ratienale

Branch 3 offers & program insuring
reliphility of supply. The possibility of
not  having  sufficient guantities ol
witer (o mest future demands is les-
enad by the seailahility of the various
sources tapped. Dhuring the T460'%
drought, for example, sevaral river
basing within Mew England suffarad
prtramedy Inw runoff conditions while
other hasing escaped thete most severe
conditions, Bransh 3 would develop a
number of baiing and thus provide a

safeguard against the drought which
dees not aflect &ll basing with equal
sewerity.

With regard to cost, branch 3 5 a low
cost program in terms of both capital
and operating expenditures  acause
marny of the projecs ugs esisting
storzge and transmission fagilities. In
gddition, these projects de not reguire
8 large irreversihle investrnent early in
the plannirg period.

It alsg offers a grogram whizh mini-
mires the coneerns of regional foous
simge a numbar of the projects peo-
poscd will meet water supply demands
in that section of the area in which
they are located, This is accormnplished
prirmarily in the 19R0-1990 yvears, He-
gional focus, as it relates o fhe
1980-2000 deeade, is much the same
as noved for branch 2.

During  the  18R0-1800  years, thi
Lranch offers a great degree of flewitil-
iy, Individual projects car De imnple-
mented a5 discrest  rmodules inoan
owerall regional gystarn, Thus, aocept
able  propcis can proceed  inde-
pendenty of ancther preject which
may prave difflcult to implemaent, The
flexitality inherant in branch 3 is
contnued in the 1990-2000 decads
because the option relies an grodnd-
warer  development which can ke
constreeted a5 needed.

Magative ervironmental irnpact for the
gatly wears ol branch 3 appears
mirtimal singe no one river will ex
pericnoe any  substantial  divessions,
and most projects reguing litile land
taking.,  From  1980-2000,  enwiron-
mental impacts would be similar w
thosa expected with branch 2.

DISTRIEUTION OF EXPENDITURES FOR BRAMNCH 3
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ANNOTATED BIBLIOGRAPHY

| OVERALL STUDIES

Plan of Study for Northeastern United States Water Supply, Corps of Engineers, North Atlantic Division, September, 1966.
A general overview of the NEWS Study is presented, including a background discussion of the area, short and lohg range
objectives, and a discussion of the relation between the News Study and similar activities of the States and other Federal
Agencies. ’

1966 Water Drought Restrictions, Public Service Research, 1967. Presents an inventory of the water use restrictions which
were placed in effect during the 1966 drought.

Water Utility Lists, Connecticut, Delaware, Maine, Maryland, Massachusetts, New Hampshire, New Jersey, New York,
Washington, D.C., Pennsylvania, Rhode {sland, Vermont, Virginia, West Virginia, Public Service Research, 1967. Basic data is
provided on all water supply companies in the NEWS Area, including population served, quantity produced, and gross water
revenue.

Water Utility Directory, Public Service Research, September, 1968. The directory lists by state all water utilities including
county location, size, classification, source of water, and nature of ownership.

Municipal Financing of Water Projects for Northern New Jersey, Sanford L, Bordman, January, 1969. Case study of the
financial aspects of investments for water supply systems for the municipalities of Northern New Jersey.

Anticipated and Emerging Advances in Water Supply Technology, International Research & Technology Corporation,
February, 1972. Studies anticipated and emerging major advances in water supply technology, including advanced water
treatment of polluted, brackish and otherwise unusable sources, desalination, weather modification and iceberg harvesting.

Prefiminary Study of Long Range Water Supply Problems of Selected Urban Metropolitan Areas
Volume | Main Report
Volume Il Area Reports

Anderson—Nichols & Co., Inc., November, 1973. Examines 26 urban metropolitan areas throughout the MNortheast and
identifies the areas which may experience major regional municipal, domestic and industrial water supply problems. The
report also investigates opportunities 10 provide these areas with adequate water supply through the year 2020,

Il WASHINGTON METROPOLITAN STUDY AREA (WMA)

Potomac Estuary Water Supply: The Cansideration of Viruses, Environmental Protection Agency, March, 1973. This study
provides the resuits of laboratory experiments on the differences in resistance to chlorination of twenty-five strains of human
intestinal viruses that were suspended in estuary water, Conclusions are drawn from this work from a public health viewpoint
as to the feasibility of using the Potomac Estuary as a supplemental source of water for the Washington Metropolitan Area.
This was a companion study to the “"Potomac Estuary Water Supply: it's feasibiity as a supplementary source.”

Potomac River Basin Water Supply, An Interim Report, Corps of Engineers, North Atlantic Division, Baltimore District,

April, 1973. This Report is a response to the 1972 Conference Report on S. 4018, ’Public Works on Rivers and Harbors,”” to

reformulate the Sixes Bridges and Verona Dam and Lake projects for purposes other than low flow augmentation for water

quality. The Report evaluates water supply problems in the Potomac River Basin with special emphasis on the Washington
Metropolitan Area. lt integrates the Two Projects into an overall long-term water supply program for the WMA,

recommends that a prototype advance water treatment plant be Federally authorized and constructed, and thus served as an

interim report on the ongoing studies in the WMA under the Northeastern United States Water Supply Study (Titde I, PL

80-298).
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Metropolitan Washington Area-Special Water Supply Study, Tetra Tech, Inc., July, 1973. This study provided services and
work elements necessary to determine the impact of non-point pollution on water supplies; to review, evaluate, and update
information on present water resources and supply systems in the WMA; and to prepare a base-line environmental analysis of
the study area with specific emphasis on water supply. This effort was limited to collection, review, and interpretation of the
existing infermation.

Potomac Estuary Water Supply: Its Feasibility as a Supplemental Source, Hydroscience, Inc., August, 1973. This study
examines the potential for meeting drinking water standards with Potomac Estuary water treated by known technigues. The
study employed a steady-state water quality model of the estuary to determine what the quality of treated estuary water
would be under various conditions of river flow and water demand.

Potomac Estuary Water Supply: Architectural and Urban Design Considerations, Paul D. Spreiregen, August, 1973. This
report is a graphical essay in site tayout and architectural design criteria for the proposed one mgd pilot estuary water
treatment facility.

Growth and Water Supply in the Washington SMSA, Development Sciences Inc., January, 1974. This report analyzes the
magnitude and distribution of population growth and its relationship to water supply in the WMA. The study first examines
how well-water supply devices alone could aid in the control of population growth and second, it takes a broader look at the
problem of growth control by taking an inventory and examining all growth control mechanisms then beingstudied by each
county in the Washington Standard Metropolitan Statistical Area ([SMSA).

Open Planning and Decision Mapping as the Basis for a Water Supply Plan, Development Sciences, Inc., January, 1974. This
study develops and utilizes an integrated approach to decision mapping and open planning for water supply in the WMA.
Decision mapping was used to identify major issues, groups and agencies concerned with water supply in the area. Open
planning was used along with decision mapping to insure that the public’s interests and concerns were addressed and
incorporated in each phase of the Corps’ planning.

An Open Planning Methodology for Evaluation of Water Supply Devices in the Washington, D.C. SMSA. Development
Sciences, Inc., January, 1974, A methodology is presented to evaluate water supply devices and programs by including
traditional engineering data and a range of social, political and environmental data that describes the -acceptability of the
devices and programs. The method is designed to use the values of the Washington Metropolitan community and its officials
as identified through the open planning process. The method also lends itself to use as an educational tool for both the
planner and the Washington community when used as an aid in open planning meetings. The report identifies the type of
data needed, where the data may be obtained and examples of applications of the evaluation method.

Preliminary Institutional Arrangements for Water Supply in the Washington Area, Devetopment Sciences, Inc., January,
1974. This report presents the existing institutional framework as background to aid in the understanding of how various
Corps programs for water supply would fare in the present institutional setting of the Metropolitan Washington area. The
report delineates the institutional, legal and funding problems that would be faced during implementation of alternative
water supply programs studied by the WMA Study group. Suggestions are made on how the alternative programs could be
modified to make them politically feasible.

A Staff Report on Alternative Water Supply Programs for the Metrapolitan Washington Area, Corps of Engineers, North
Atlantic Division, April, 1974. This report displays the planning process and initial results for the WMA water supply study as
part of the NEWS Study. So that feedback could be obtained on the study from interested publics and agencies, the report
contains descriptions of preliminary water supply projects and programs and the major assumptions, rationate and procedures
used to derive them. Preliminary conclusions were made.

Socio-Economic Impact Study of Alternative Water Supply Systems for the Metropolitan Washington, D.C. Area, Arthur D.
Little, Inc., November, 1974 This report presents the socio-economic impacts of possible water supply alternatives
considered for the Metropolitan Washington Area (MWA). Baseline socio-economic data is given for the entire MWA and for
each county and the District of Columbia. This baseline data provides a point of reference from which the impacts of 13
projects and b basin programs are measured.
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Potomac Estuary Water Supply: A Prototype Water Treatment Facility, Hydroscience, Inc., December, 1974, This report was
the basis of a Corps proposal to construct and operate a one mgd pilot estuary water treatment facility {now authorized).
Based on the results of operating a time-variable water quality model, it was concluded that the Potomac Estuary appears 1o
be suitable as a permanent regional source of water, but due to potential health hazards, extensive testing would be required.
Operation of the proposed prototype facility would provide the detailed information needed to evaluate this approach to

water supply. The report also presents a design for the pilot facility and site selection criteria for both a pilot and regional
facility.

Effects of Water Supply Deficits, Washington Metropolitan Area. Water Resources Engineers, January, 1975, A study to
define procedures for estimating losses for future water supply shortages that would affect domestic, commercial,
governmental and industrial water users in the WMA. Also determines the probable short term economic losses and probable
aggregate effects of intermittent water shortages over the water supply and distribution systems of the WMA.

Simulation Model for the Metropolitan Washington Area Water Supply System, Vol | & 11, Meta Systems, Inc., April, 1975.
A model was developed to allow the examination of the interconnected aspects of the WMA Water Supply system and the
possibility of using various combinations of devices and operating procedures to meet both short and long term water supply
requirements. The model is descriptive rather than predictive in that it describes the consequences of decisions made rather
than indicating what decision is to be made. The model was structured to develop a system configuration which satisfies
demands for the multiple demand centers of the system.

Engineering Feasibility of Alternative Water Supply Projects for the Metropolitan Washington Area, Engineering-Sciences,
Inc., May, 1975. This Study provides an adequate level of engineering design and cost data for the formulated alternative
water supply programs.-This data provides a quantitative and qualitative basis for narrowing down the range of choices to
implementable and feasible water supply projects.

Environmental Impact of Alternative Water Supply Programs and Projects for the Washington Metropoiitan Area, WAPORA,
inc., September, 1975. Provides environmental data and projected impact assessments of alternative water supply projects
and programs for the WMA. Using data collected these water management projects and programs are compared and impacts
are assessed on geographic units ranging from the regional to the immediate project area.

1l NEW YORK METROPOLITAN STUDY AREA (NYMA)

Surface Water Supply Capabilities of Northern New Jersey River Basins, Quirk, Lawler and Matusky Engineers, December,
1968. The objective of this study was to obtain firm yields, for various drought occurrences, of the surface water supply
systems within the Hackensack, Raritan, Passaic, Navesink, and Shark River Basins.

Engineering Feasibility Report on Alternative Regional Water Supply Plans for the Northern New Jersey—New York
City—Western Connecticut Metropolitan Area, Metcalf & Eddy—Hazen & Sawvyer, November, 1971. This investigation was
performed to develop feasible engineering alternatives for water supply systems to meet the domestic and industrial water
needs of the study area to the year 2020.

Organizational, Legal, and Public Finance Aspects of Regional Water Supply, Institute of Public Administration, July, 1972,
This report investigated the legal, institutional and economic issues involved in regionalization of public water supply in the
New York and southeast New England NEWS Study Area, and presented alternative general institutional frameworks for
regional water supply management.

Effect on the Environment of Regional Water Supply Alternatives for the Northern Mew Jersey—New York City—Western
Connecticut Metropofitan Area, The Center For The Environment and Man, inc., November, 1972. This report contains an
overview and preliminary analysis of probable environmental impacts for the fourteen projects used to develop the seven
regional programs described in the Joint Venture report, assuming maximum development of facilities for water supply
{which would not necessarily be the case). The report describes qualitative rather than gquantitative impacts and does not
attempt to rank projects by their impacts.
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Evaiuation of Alternative NEWS Water Supply Systems for the Northern New Jersey—New York City—Western Connecticut
Metropolitan Area, Linton, Mields and Coston, Inc., June, 1973. The purpose of this study was to develop an impact
assessment and multi-objective evaluation framework, with the attendant plan formulation process, and to apply this

framework on the local case study and regional levels to the seven illustrative regional programs for the New York Study Area
developed in the Joint Venture repott.

In three volumes:

Volume I: Introduction and Summary Findings. An overall summary of the study’s techniques and findings on both the
jocal case study and regional levels.

Volume 11: Case Study Evaluation. Contains the case study methodology and individual case studies for each of ten projects.

Volume HI: Regional Evaluation. Presents the methodology and findings for the regional analysis of seven illustrative
programs.

Further Development of Regional Water Supply Development Alternatives for Northern New Jersey—New York
Ciz:y—Western Connecticut Metropolitan Area, Parson, Brinckerhoff, Quade and Douglas, Inc., June, 1973, The objective of
this study was to develop additional project alternatives and illustrative regional programs for water supply work in the New
York Metropolitan Study Area, supplementary to the work in the Joint Venture study, and to prepare a computer
programming algorithm to serve as a tool for analysis of additional regional programs by the contracting agency.

Legal, Institutional and Cost-Sharing Reguirements for Implementing Water Supply Projects in the Northern New
Jersey—New York City—Western Connecticut Metropolitan Area, Booz Allen Public Administration Services, Inc., June,
1973. The purpose of this study was to further examine the legal, institutional, and cost-sharing requirements for the
implementation of hoth individual projects and regional programs of projects for water supply in the New York Study Area.

Water Supply: Wastewater Management Aspects for the Northern New Jersey—New York City—Western Connecticut
Metropolitan Area, Nebolsine, Toth, McPhee Associates, June, 1973. The objective of this study was 10 perform a survey of
the existing legislation, programs, water quality and future quality conditions of water sources in the study area and the
Delaware, Hudson and Housatonie River Basins, and to examine programs 1o protect or enhance quality of alternative water
supply sources which may be utilized to meet the projected needs of the New York Metropolitan Study Area. This work was
developed at a low level of detail, utilizing existing data.

An Opportunity for the Future: Integrated Water Supply—Power Generation—Wastewater Management—Land Control,
Quirk, Lawler and Matusky Engineers, December, 1973. The objective of this study was to evaluate the feasibility of
implementing a wastewater—total resource management program for Long Island, New York, which would eventually
combine a nuclear power plant, a waste treatment facility and a land application system and/or other methods of waste heat
utilization for the overall purpose of system efficiency and improvement of water su pply management on Long Island.

Institutional Issues Surrounding a Hudson River Diversion to New Jersey, Dunka, Gaston and Westwater, Inc., August, 1974.
This report discusses the legal, instituticnal and financial problems likely to occur if Hudson River Water from New York
State is diverted to New Jersey as part of a regional water supply program.

Summary—Hudson River Hydrology Study, Quirk, Lawler and Matusky Engineers, August, 1974. A concise summary of the
full 500 page report. This summary provides an. analysis of the firm vields available for water supply in the Hyde Park-West
Park area for several alternative operating schemes of existing and considered reservoirs in the Hudson River Basin.

Hydraulic Analysis of the New York City Water Supply System, Quirk, Lawler and Matusky Engineers, September, 1974. The

study provides an analysis of the delivery portions of the City’s water supply system from the sources to the head of the local
distribution system,

Repart on the Interconnection and Safe Yields of the Major Water Utilities in Northern New Jersey, Dr. Robert M. Hordon,

Consultant, September, 1974. This study provides an inventory of all interconnections that exist for the eleven major water
utilities in northern Mew Jersey. The report also examines the safe yields and annual average diversions for each utility.
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Water Demand Projections and Sensitivity Analysis for the New York Metropolitan Area, INTASA, Inc., September, 1974,
This report describes the methodology used to develop projections of future water demand for the NYMA. The report also
analyzes the sensitivity of these projections to be altered assumptions about underlying conditions, such as population,
economic activity, land use and community development, and basic water consumption practices.

Water Management Alternatives on Long fsfand, Environmental Technology Seminar, Inc., October, 1974. As part of the
open planning effort the New York Metropolitan Area {NYMA) Study has purchased several copies of this report and is
making copies available. The report is a handbook of relevant information on the water management problems on Long
Island. A detailed summary of the report is also available.

Analysis of Regional Water Supply Programs for the MNorthern New Jersey—New York City—Western Connecticut
Metropolitan Area, Linton & Co., June, 1975. This study further develops, extends and applies the analytical technigues for
impact assessment and multi-objective evaluation originally developed in Evaluation of Alternative NEWS Water Supply
Systems. Greater emphasis is placed on analysis of environmental, social and institutional impacts than in the earlier study,
and assessiment is made of short-run construction impacts, system reliability, and system Hlexihility. The expanded
methodologies are applied to selected projects and programs.

Demonstration Project for Total Resource Management, Quirk, Lawler & Matusky Engineers, {ongoing study). This is a
survey-scope level study for a demonstration project to develop operating experience and resolve technical uncertainties in
total resource management. This effort, an extension of the study An Opportunity for the Future: Integrated Water
Supply—Power Generation—Wastewater Management—Land Control, was conducted jointly by NYMA Study and the New
York State Atomic and Space Development Authority. Other Federal, State and Local agencies have also contributed to the
planning and design of the project.

IV EASTERN MASSACHUSETTS—-RHODE ISLAND METROPOLITAN AREA
1 WATER SUPPLY REPORTS:

INTERIM MEMORANDA These eight limited detailed studies were intended to present an overview of the water supply
situation for some of the larger metropolitan areas within New England.

Interim Memorandum No. 1 — New Bediford, Fall River and Taunton, Corps of Engineers, New England Division, Agpril,
1968. This Tri-Gity area in southeasiern Massachusetts was analyzed to evaluate its future water supply outlook. The
population, water supply and water demand were discussed and projections made for the population and water demand
through the year 2020. Possible sources of water adequate for a regional supply were examined and discussed.

interim Memorandum No. 2 — Springﬁeld—chicopee#Holyoke Area, Corps of Engineers, New England Division, April, 1968.
The Springfie!d—Chicopee—HoWoke region in western Massachusetts was examined for its capability to meet future water
supplies. Present and future population and water demand figures through the year 2020 were presented. Adequacy of the
region’s three major systems was investigated and apparent urgent and future needs were discussed and possible courses of
action were described.

{nterim Memorandum No. 3 — Bridgeport—New Haven subregion, Corps of Engineers, New England Division, July, 1968. The
Bridgeport—New Haven, Connecticut area was investigated 1o determine future potential water supply deficits. Present and
future population and water demand requirements were presented through the year 2020. Adequacy of the major water
systems was studied and apparent urgent and future needs were discussed. Potential regionwide supply sources were examined
and described.

Interim Memorandum No. 4 — Southern New Hampshire Tri-City area, Corps of Engineers, New England Division, August,
1968. The Concord—Manchester—Nashua area of New Hampshire was investigated to determine future water supply needs.
Present and future population and water demands through the year 2020 were presented. Sources of water which could be
developed to meet the needs through 2020 were examined and described.

Interim Memorandum No. & — Worcester—Boston, Corps of Engineers, New England Division, September, 1968. The
Metropolitan District Commission {MDC) system, the major supplier in the Worcester—Boston area, was investigated in this
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memo considering only the then existing system service area. The present and projected population and water demands
through the year 2020 and the capability of the system to meet these needs was described.

Interim Memaorandum No. 6 — Metropofitan Boston Area, Corps of Engineers, New England Division, September, 1968. This
memorandum builds on Memo No. bin that it examined the implications of the addition of future suburban customers to the
MDC system.

Interim Memorandum No. 7 — Worcester—Boston, Corps of Engineers, New England Division, September, 1968, Five
sub-regions within the Worcester—Boston region but not included in the primary service area of the MDC were discussed in
this report. These sub-regions — City of Fitchburg, City of Worcester, |pswich River Watershed District, Upper Charles River
Basin Communities, and the Central Plymouth County Water District — were examined for their capability in meeting future
water demnands through the year 2020.

Interim Memorandum No. 8 — Rhode Istand, Corps of Engineers, New England Division, October, 1968. Future water supply
needs within the State of Rhode Island were examined. Present and future population and water demand figures through the
year 2020 were presented and possible supply sources were described.

St Lawrence River Diversion, Corps of Engineers, New England Division, October, 1968. This report studied the potential of
utilizing the St. Lawrence River as the source for meeting the future water supply requiraments of the Northeastern United
States as projected through the year 2020, Two plans and preliminary cost estimates for conveying water supply to major
users are included in the report. The study indicates general scope of the engineering and economic feasibility of this
diversion.

Draft — Feasibility Report on Alternative Regional Water Supply Plans for Southeastern New England, Corps of Engineers,
New England Division, November, 1969. The objective of this report was 10 formulate engineering alternatives for a regional
water supply system to meet future needs within southeastern New England. As described in the report, these engineering
alternatives were formulated without regard to the rinstitutional restraints — legal, economic, of organizational — which
might inhibit regionalization of water supply.”

Ecological Study Merrimack River Estuary—Massachusetts, Normandeau Associates, Inc., November, 1971. This study was
designed to determine the potential environmental effects of diversion of water from the Merrimack River in the vicinity of
Lowell, Massachusetts, and to give a gualitative evaluation of the significance of these effects on the ecology of the estuary
and associated wetlands.

Possible Effects of Various Diversions from the Connecticut River, Essex WMarine Laboratory, May, 1972. This study reports
on efforts to predict the probable impact of upstream freshwater diversion during freshet periods on the salinity —
femperature regimen of the Connecticut River estuary and to further correlate these changes with possible effects on the
biotic community of the estuary.

ldentification and Assessment of Socio-Economic Impacts on the Connecticut and Millers River Basin Diversions, Abt
Associates, Inc., June, 1972. This report describes investigations which identify changes attendant on the Northfield
Mountain and Millers River Basin water supply projects that will affect human population in the immediate supply area and
among potential receivers. Changes are guantified and characterized where possible in ferms of magnitude, direction and
duration.

Water Quality Studies, Connecticut and Millers River Systems and Quabbin and Wachusett Reservairs, Massachusetts, New
England Research, Inc., June, 1972. This report describes studies on the probable effects of diversion of flow from the
Connecticut and Millers River Basins and their possible effects on the Quabbin and Wachusett Reservoirs.

Site Preservation for Water Resources Projects. A Legal, Economic and Institutional Analysis, Curran Associates, Inc.,
January, 1973. This study examined methods historically employed to assure tracts of tand will be available for future water
resources development; the success of these methods and an evaluation of each of these methods as they pertain to New
England. Efforts by the State of Rhode Island in acquiring reservoir site preservation are used as a case study by the report.
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Millers River Basin Water Supply Project, Corps of Engineers, New England Division, October, 1974. This study reports
investigations into methods of augmenting water supply sources for a number of communities in the sastern Massachusetts
region. Population and water demand figures both present and projected are discussed and alternative methods of meeting
future supply means are described. The report recommended development of water resources in the Millers River Basin via
facilities which would divert high flows from the Millers Basin to Quabbin Reservoir.

Northfield Mountain Water Stpply Project, Corps of Engineers, New Engiand Division, October, 1974. This study which is a
companion of the Millers River Basin project report recommended the development of a high flow skimming operation which
utilizes the existing pumped storage hydroelectric facility at Northfield Mountain and diverts flow to Quabbin Reservoir.

Water Demand Study, Eastern Massachusetts Region, Coffin and Richardson, 'nc., November, 1974. This study investigated
existing patterns of municipal water use for domestic, commercial, industrial, municipal uses and distribution losses. The
potential for modifying the recent past trend of increasing water consumption by water use conservation education programs,
pricing policies, use of water-saving appliances, institutional restrictions and leak detection and maintenance programs was
examined and discussed.

Water Treatment Plant Study, Merrimack River, Massachusetts, Hayden, Harding and Buchanan, Inc., March, 1976. This
study determined necessary water treatment plant unit processes required to deliver a high quality drinking water supply
utilizing the Merrimack River as a source. Construction and operating costs for various sized plants were developed and
displayed.

«an Investigation of Some Environmental Impacts for Possible Diversions of Flow from the Merrimac River.” Jason M.
Cortell & Assoc. Inc., April 1975, This Srudy demonstrates that substantial diversions are possibie from the Merrimac River
without compromising proposed anadromous fish restoration programs. It specifies minimum flows in the River for each
month of the year. When natural flows {or remaining flows} are helow these quantities, water should not be diverted.

IV EASTERN MASSACHUSETTS—RHODE ISLAND METROPOLITAN AREA
2 WASTEWATER REPORTS:

{A) BOSTON HARBOR

Technical Data Volume 3A, Study of Certain Industrial Wastes, Jason Cortell, October, 1975, This volume reports on the
identification and location of 27 types of industries. For each industry identified, the volume and constituents of the process
wastes discharged are reported.

Technical Data Volume 3B, Study of Wastes from Large Industries, Jason Cortell, October, 1975. This volume reports on the
idenfication and location of industries discharging 50,000 gallons per day or more of process wastes. For each industry
located, the valume and characteristics of the discharged waste are reported.

Technical Data Volume 5, Land Oriented Wastewater Utilization Concept, Woodman and Howard, October, 1875, Reports
on the formulation and design of a land application wastewater freatment system for the Eastern Massachusetts Metropolitan
Area,

Technical Data Volume 8, Urban Stormwater Management, Corps of Engineers, New England Division, OQctober, 1975.
Reports on the quantity and quality of urban stormwater runoff in the Eastern Massachusetts Metropolitan Area. Also
included is an array of alternatives for managing the stormwater together with costs and a projection of effects on the
receiving items. '

Technical Data Volume 13, Impact Analysis and Evaluation, Corps of Engineers, New England Division, October, 1975.
Summarizes the identified impacts of wastewater management as discussed in Volumes 13A-13D and provides the evaluation
required by Principles and Standards.

Technical Data Volune 134, Biolagical Impact Analysis, Normandeau Associates, Inc., October, 1975. Reports the identified

impacts of wastewater management concepts in the FEastern Massachusetts Metropolitan Area with particular emphasis on
aquatic biological impacts.
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Technical Data Volume 138, Socio-Economic Impact Analysis, ABT Associates, October, 1975. Reports on the identification
and analysis of impacts to the socio-economic environment of Eastern Massachusetts, resulting from wastewater management
concepts,

Tochnical Data Volume 13C, Hygienic Impact Analysis, Corps of Engineers, Mew England Division, October, 197b. Discusses
the effects on the public health of various wastewater management concepts.

Technical Data Volume 13D, Visual, Cuftural and Design Impact Analysis, Woodman and Howard, Qctober, 1975, Reports
the effects of regional wastewater management concepts upon the visual-cultural environment and freports on the design
implications of various facilities.

Technical Data Volume 14, Public Involvement, Corps of Engineers, New England Division, October, 1975. Reports on the
Open Planning activities and results in the Boston Harbor-Eastern Massachusetts Metropolitan Area Wastewater Management
Study.

(B} MERRIMACK RIVER

Open Planning/The Merrimack, The New England Matural Resources Center, September, 197 1. Presents a strategy for public
involvement within the Merrimack River Basin.

Aerial Remote Sensing Reconnaissance and Analysis of the Merrimack River Basin, Coastal Research Corporation, March,
1972. Documents point source discharges into the Merrimack River and its major tributaries using remote sensing technology.

Toxic Residual Elements and Cornpounds of the Merrimack River Watershed {Massachusetts Portion), Lycott Environmental
Research Company, October, 1973. Estimates quantities and types of residual compounds, i.e., pesticides, discharged into the
waters of the Merrimack River Basin.

Appendix I-A, Geologic-Hydraulic Investigations, Anderson and Nichols, Inc. and Goldberg-Zoino, Inc., November, 1974.
Presents surficial and bedrock geology as well as groundwater hydrology data for the Eastern Massachusetts Area.

Appendix I-B, industrial Listings, Anderson and Nicols, and Co., Inc. November, 1974. Lists various industries within study
area and their estimated pollution contribution.

Appendix I-C, List of Study Criteria and Instructions, Corps of Engineers, New England Division, November, 1974. Lists
various Federal and State Criteria and Instructions under which the study was accomplished.

Appendix |l Plan Formulation, Corps of Engineers, New England Division, November, 1974. Shows processes of determining
various technical alternatives and recommended plan.

Appendix 111, Volfumes | & I, Design and Costs, Anderson and Nichols, & Co., Inc., November, 1974, Presents engineering
information designs and costs of each wastewater management alternative.

Appendix IV Impact Analysis and Evaluation, Corps of Engineers, New England Division, November, 1974. Summarizes
various impacts contained in Volumes iv A, B,C,and D,

Appendix fV-A, Socio-Economic Impacts, ABT, Associates Inc., November, 1974. Describes the sociological and economic
impacts of the wastewater management alternatives.

Appendix 1V-B, Volumes | & 11, Biological Impacts, Normandeau Associates, Inc., November, 1974. Presen_ts terresj(ria| and
aquatic biological data and information for the Merrimack Basin. Describes biological impacts associated with each

wastewater management alternative.

Appendix 1V-C, Agsthetic Impacts, Anderson and Nichols, and Co., Inc., November, 1974, Delineates the visual and cultural
impacts of each wastewater alternative.
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Appendix 1V-D, Hygienic — Public Heafth, Corps of Engineers, New England Division, November, 1974. Presents water
quality data and findings on magnitude of pollution from non-point sources. Discusses existing sanitary waste practices within
the Basin and suggests needed changes.

Appendix V, [nstitutional Arrangements, ABT, Associates tnc., Novemnber, 1974. Describes existing authorities and
management structures applicable to the study area and suggests modifications and changes that may be necessary to comply
with the goals and requirements of PL92-500.

Appendix VI, Public Involvement Program, Corps of Engineers, New England Division, November, 1974. Lists public
participation program for carrying out the study.

Appendix ViI, Comments, Corps of Engineers, New England Division, November, 1974. Lists Federal, State and Local
comments on the Merrimack River Report.

V SOUTH CENTRAL PENNSYLVANIA STUDIES

Preliminary Report: South Central Pennsylvania, Baltimore and Mason-Dixon Areas, Corps of Engineers, North Atlantic
Division, Baltimore District, February, 1970. An Inve_stigation of the urgent need areas of South Central Pennsylvania
{York-Harrisburg-Lancaster) and Baltimore, and a preliminary analysis of the Mason-Dixon proposal.

The Codorus Creek Wastewater Management Study, Corps of Engineers, North Atlantic Division, Baltimore District, April,
1973. Outlines the alternatives which were developed to solve the water quality and velated problems of the Codorus Creek
Basin.

Survey Report for Water Supply Development Alternatives, Anderson—Nichols, August, 1974. This report is an investigation
of the water supply situation in the five Urban Metropolitan Areas contained in the study area. Determinations were made
of the magnitude and time of expected deficits in the UMA's and 13 alternative programs were investigated to determine
engineering and cost solutions.

Hydrofogic impact Studies of Alternatives to Meet Water Needs in South Central Pennsylvania, Resource Analysis, Inc.,
September, 1974, This report investigated the hydrologic effects of alternative water supply development in the area. The
impact on streamflow from ground and surface water withdrawals by the different alternatives were investigated through the
use of a simulation model. Results include the distribution of out flows from the system and on tributaries for each
alternative. Studies were also made to determine the surface water response to ground water withdrawals.

Prefiminary Assessment of Environmental, Social and Economic Impacts—Water Supply Development for the South Central
Pennsylvania Area, Roy F. Weston, Inc., September, 1974. This study is a preliminary assessment of environmental, social
and economic impacts of the thirteen water supply alternatives for the study area. Analyses were conducted to determine
beneficial or adverse effects from the point of view of these three disciplines, using categorical indicators and ranking systems.

Preliminary Study of Legal, Institutional and Cost Sharing Arrangements for Water Supply in South Central Pennsylvania,
Booz, Allen and Hamilton, September, 1974. This study provides a preliminary analysis of possible legal, institutional, and
cost sharing arrangements necessary to implement alternative water supply programs in the area. It assesses these
arrangements for selected engineering alternatives and applies two institutional options to a regional program. The report also
presents implementation plans for the new institutional arrangements required by the regional program.
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